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Chapter 1: Introduction

1.1. Purpose and Structure of this Book

KNIME Analytics Platform is a powerful tool for data analytics and data visualization. It
provides a complete environment for data analysis which is fairly simple and intuitive to use.
This, coupled with the fact that KNIME Analytics Platform is open source, has led a large
number of professionals to use it. In addition, third-party software vendors develop KNIME
extensions in order to integrate their tools into it. KNIME nodes are now available that reach
beyond customer relationship management and business intelligence, extending into the field
of finance, life sciences, biotechnology, pharmaceutical, and chemical industries. Thus, the
archetypal KNIME user is no longer necessarily a data science expert, although his/her goal is
still the same: to understand data and to extract useful information.

This book was written with the intention of building upon the reader’s first experience with
KNIME software. It expands on the topics that were covered in the first KNIME user guide
(“KNIME Beginner’s Luck”) and introduces more advanced functionalities. In the first guide’,
we described the basic principles of KNIME Analytics Platform and showed how to use it. We
demonstrated how to build a basic workflow to manipulate, visualize, and model data, and how
to build reports. Here, we complete these descriptions by introducing the reader to more
advanced concepts. A summary of the chapters provides you with a short overview of the
contents to follow.

Chapter 2 describes the nodes needed to connect to a database, import data, build an
appropriate SQL query to select a subset of the data or for some required processing, and
finally to write data back into the database. Accessing a database, importing data, and building
SQL queries are the basic operations necessary for any, even very simple, data warehousing
strategy.

Of course, the largest source of data is nowadays the Internet. Chapter 3 is dedicated to
alternative ways of getting data besides files and databases, i.e. web data sources. Chapter 3
starts with the connectors to Google Sheets and continues with access to REST services.
Those are definitely powerful tools to search for data elsewhere.

7 Silipo R., Joshi S.; "KNIME Beginner’s Luck’, KNIME Press (2023) (https.//www.knime.com/knimepress/beginners-
luck)
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Chapter 4 introduces the Date&Time object and the nodes to turn a String column into a
Date&Time column, to format it, to extract a time difference, and in general to perform
date/time based operations. The Date&Time object provides the basis for working with time
series. The last section of chapter 4 briefly describes a few nodes dedicated to time series
analysis.

A very important concept for the KNIME workflows is the concept of “flow variables”. Flow
variables enable external parameters to be introduced into a workflow to control its execution.
Chapter 5 describes what a flow variable is, how to create it, and how to edit it inside the
workflow, if needed. Capitalizing on the concept of flow variables, we introduce the
components and explain how to make them configurable via Configuration nodes and Widget
nodes.

Widget nodes especially can be helpful in the creation of dashboards, reports, and data apps.
Chapter 6 shows how to build a rich dashboard through the composite view of an advanced
component.

Most data operations in KNIME Analytics Platform are executed on a data matrix, named data
table. This means that an operation is executed on all data rows. This is a big advantage in
terms of speed and programming compactness. However, from time to time, a workflow also
needs to run its rows, one after the other, through an operation. That is, sometimes it needs a
real loop. Chapter 7 introduces a few nodes that implement loops: from a simple “for” cycle to
more complex loops, such as looping on a list of values or feeding the current iteration results
into the next iteration.

Chapter 8 illustrates the use of logical switches to change the workflow path upon compliance
with some predefined condition.

In this introductory chapter, we list the data and the example workflows that have been built for
this book and note the KNIME Extensions required to run some of the example workflows.

1.2. Data and Workflows for this Book

This book builds a few examples and provides the solutions to the exercises. The workflows
are accessible via the KNIME Community Hub and are stored in the KNIME Press space — look
for the respective book and KNIME version. To download material from the KNIME Community
Hub, you need to be logged in with your KNIME account (see how to create a KNIME account),
the same as for the KNIME Forum. After entering the KNIME Community Hub, in order to
download the workflows, just click on the cloud icon. Download the whole folder onto your
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machine from the KNIME Advanced Luck space, which will result in a .knar file. Then double
click it OR import it into the KNIME Explorer via “Import workflow”.

At the end of the import operation, in the Space Explorer panel, you should find a AN/ME
Advanced Luck v5.2 — Exercises folder containing Chapter2, Chapter3, Chapter4, Chapters5,
Chapter6, Chapter7, and Chapter8 subfolders, each one with workflows and exercises to be

KNIME Community Hub > knime > Spaces > KNIMEPress > KNIME Advancex d Luck

& Public space

KNIME Press @)

Qo @@ Copy link

Home > KNIME Advanced Luck

“

= KNIME Advanced Luck v5.2 - Exercises o
Figure 1.1. Workflows and data for this book on the KNIME Community Hub.

implemented in the next chapters. You should also find a KALdata folder containing the
required data.

The data used for the exercises and for the demonstrative workflows of this book were either
generated by the authors 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 only in the KALdata folder.

Data sets from the UCI Machine Learning Repository?:

e Automobile: http://archive.ics.uci.edu/ml/datasets/Automobile

e Slump_test: http://archive.ics.uci.edu/ml/datasets/Concrete+Slump+Test

This book is not meant as an exhaustive reference for KNIME Analytics Platform, although
many useful workflows and aspects of it are demonstrated through worked examples. This text
is intended to give you the confidence to use the advanced functions in KNIME Analytics
Platform to manage and analyze your own data.

2 Frank A. and Asuncion A., “UCI Machine Learning Repository’, Irvine, CA: University of California, School of
Information and Computer Science (2010) (https.//archive.ics.uci.edu/datasets)
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1.3. Memory Usage in KNIME Analytics Platform

When installing KNIME Analytics 5 Setup - KNIME Anslytics Platform _ %
Platform via the Windows installer, it Specify Memory Settings
Suggests Suitab'e memory Settings at How many memory should be available to KNIME Analytics Platform during

execution?
installation time. However, in all other _ _ _
Specify the maximum amount of memory {(Java Heap Space) KNIME Analytics Platform

i i i duri tion. Th t should be at least 512 ME and below
installation procedures, or if you want avalabie system memory size of 7132 MB. We recommend specfyng about haif of
'[O Change the Set number Of MB |a’[el’, F;ocgl;::;.ianllzl:tair:ggﬂ;n;;nﬂo&ﬁézg;yc:an change this settings later in the knime.ini file

. dick 2
you will need to set yourself the o continue clcriext

. Memory in MB KNIME Analytics Platform can use during execution

maximum amount of memory (between 512 MB and 6108 MB):
available to KNIME  Analytics
Platform.

The amount of memory available to
KNIME Analytics Platform is stored in
the knime.ini file. The knime.ini file is <Back Cancel
located in the directory in which
KNIME Analytics Platform has been
installed, together with the knime.exe
file. The knime.ini file contains a number of required settings.

Figure 1.2. Specifying the Memory Setting on install when using the
Windows installer.

-startup ~
plugins/org.eclipse.equinox.launcher_1.3.18@.v20158511-154@, jar
--launcher.library

plugins/org.eclipse.equinox.launcher.win32.win32.x86_64 1.1.380.v20150682-1417
-Vmargs

-server

-Dsun.java2d.d3d=false

-Dosgi.classloader.lock=classname

-XX:+UnlockDiagnosticVMOptions

-XX:+UnsyncloadClass

-Dknime.enable.fastload=true

-XX:CompileCommand=exclude, javax/swing/text/GlyphView,getBreakSpot

-Xmx3566n|

-Dorg.eclipse.swt.browser.IEVersion=180801

-Dsun.awt.noerasebackground=true

Figure 1.3. The 'knime.ini" file.

-Xmx<size> is the setting that defines the maximum 2440 of 337 :'
heap size available to run workflows. You can define this

value by editing the knime.ini file or at installation time. ~ Figure 1.4. The bottom right corner shows
If you run into memory problems, you probably need to the heap status.

manually increase the heap space (-Xmx option) directly in the knime.ini file to a size
compatible with the memory you have on your machine (like 4G for 4 Gigabytes).
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There is also an easy way to monitor how much heap space is being used by a workflow and if
this reaches the maximum limit assigned by the —Xmx option. From within KNIME Analytics
Platform

e Access the “Preferences” in the upper right corner

¢ Inthe “Preferences” window, select “General” and enable the “Show heap status” option;
Click “Apply and Close”

e Now you can see a number showing the heap status in the lower right corner of the KNIME
Workbench

To run the example workflows and the exercises provided in this book, you will need to install
the whole “KNIME & Extensions” group. In order to install a KNIME Extension:

e Inthe top-right corner of the screen, select “Menu” option -> “Install Extensions”

e Inthe “Install” window:

o Make sure “Group items by Preferences (Fiterec] o x
category” is checked type filertoxt x| General G g
(el 8 Always run in background
o) Open the group Containing im;‘gumte [ Keep next/previous editor, view and perspectives dialog open
your extension, like for | "I o
example ”KNIME & > Ezz”d’:“”‘tys"‘Pti"E W;rk:anmc:::\ramterva\ (in minutes): 5
Extensions” group oo ation Prei gpooummk
Deeplearningd) Integi (0 Single click
o If you do not know where g e R
your extension package is E:::E:.:::nruw Note: This preference may not take effect on all views
located, just run a search by | e "
inserting a few related N

Preferred Renderers
Python (legacy)
Python Deep Learnin:
Python-based Extens

keywords in the top textbox

o Select your extension R o Dermts] [ Apply
o Click “Next” and follow Cencel

installation instructions
Figure 1.5. The "Preferences” window with the 'Show heap status’

option.
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2.1. Database Nodes

We proceed with the exploration of the advanced features of KNIME Analytics Platform by
having a look into the database operations. A first glance was already provided in the first book
of this series, "KNIME Beginner’s Luck”'. Here, though, we investigate the multiple possibilities
for connecting, reading, writing, and selecting data from and to a database in much greater
detail.

For KNIME Analytics Platform 4.0, a full rewrite of the Database support was performed. The
old Database nodes are now marked as “Legacy”; the new nodes reside in the DB category in
the Node Repository, where you can find a number of nodes for database access, manipulation,
and writing.

First of all, we want to create the workflow group “Chapter2”, to host all workflows for this
chapter. Then, in this new workflow group, we want to create an empty workflow with the name
“Database_Operations”. The goal of this workflow is to show how to connect to a database,
retrieve data from the database, and write data into the database.

In the newly created workflow named “Database_Operations”, we read the data from the “sales”
table in the “KCBBook.sqlite” database. SQLite is a file-based database software. Since it
requires neither server nor authentication, it is suitable to show the KNIME database nodes
without the hassle of setting up a full-blown database. In SQLite the only thing you need is the
path to the file containing the database, “KCBBook.sqlite” in this case and available in folder
KALdata. The “sales” table inside the database contains the sale records for a fictitious
company. Such records consist of:

e The name of the product (product)

The sale country (country)

e The sale date (date)

e The quantity of products sold (quantity)

e The amount of money (amount) generated by the sale

e A flag to indicate whether the purchase was paid by cash or credit card (card)

n o« n ou

The sales for four products are recorded: “prod_1", “prod_2", “prod_3”", and “prod_4". However,
“prod_4" has been discontinued and is not significant for the upcoming analysis. In addition,


http://www.knime.org/knimepress/beginners-luck

Chapter 2: Database Operations

the last field called “card” contains only sparse values and we would like to exclude it from the
final data set.

To read data from a database into a KNIME workflow, we start with one node to establish the
connection to the database; then a node to select the table to work on; a few nodes, one after
the other, to build the SQL query to extract the required data set; and finally one last node to
run the SQL query on the database and import the results into the KNIME workflow. There are
many ways to build a SQL query, each one fitting a given level of SQL expertise.

2.2. Connect to a Database: DB Connector Nodes

The first step is to just establish a connection to a database, nothing more, and to do that you
just need to know the specs of your database: server URL, credentials, JDBC driver. In the
DB/Connection category we find all connector nodes; that is those nodes that just connect to
a database. We find dedicated nodes for selected databases and one generic node to connect
to any database.

The generic connector node is named “DB Connector” and produces a database connection at
the output port, indicated with a red square port. It can connect to any database, as long as you
provide the correct JDBC driver. The JDBC driver is a file, usually provided by the database
software distributor, interfacing the SQL script with the database software.

If you have chosen an uncommon or a strictly licensed database, it is possible that the JDBC
driver you need is not part of the pre-loaded JDBC driver set. In this case, you need to upload
your own JDBC driver file onto KNIME Analytics Platform via the “Preferences” window.

Note. The Oracle JDBC driver for example is not available in the set of pre-loaded JDBC
drivers, due to Oracle’s licensing restriction. If you want to connect to an Oracle database
via the “DB Connector” node or even the dedicated “Oracle Connector” node, you need to
register the Oracle JDBC driver first in the Preferences window.

DB Connector

The “DB Connector” node just establishes a connection to a database, i.e. it can connect to
arbitrary JDBC compliant databases. To do that, the following most important node settings
are required:

o Database Type. Select the type of database the node will connect to. For example, if the
database is a PostgreSQL derivative select Postgres as database type. If you don't know
the type select the default type.
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e Database Dialect. Select the database dialect.

e Driver Name. Select the appropriate driver for your specific database. JDBC drivers for
most commonly used databases have been pre-loaded in the node. If there is no matching
JDBC driver it first needs to be registered, as described in “Register your own JDBC driver”
later in this book. Only JDBC drivers that have been registered for that database type, will
be available for selection.

o Database URL. A driver-specific JDBC URL is required. Please consult the vendor
documentation for the URL representation according to the JDBC driver you are using.

File
Input Tvoe Maboing Qutout Tvpbe Mapping Flow Variables Job Manager Selection
Connection Settings IDBC Parameters Advanced

Connection
Database Type: SQLite ~
Database Dialect:  SQLite ~
Driver Name: SQLite [1D: SQLite] ~
Database URL: jdbc:sglite: ffiC: WsersLitzelstetten'knime-workspace \AdvancedLuck_5. 1\AdvancedLuck\KCBdata\KCBE -~
Authentication
© None

Credentials

() Username
() Username & password

() Kerberos

OK Apply Cancel @

Figure 2.1. Configuration window of the DB Connector node.

e Authentication. Login credentials — when required - can either be provided via credential
flow variables, or directly in the configuration dialog in the form of username and
password. Kerberos authentication is also provided for databases that support this
feature, e.g., Hive or Impala.

Register your own JDBC Driver

In the top menu:
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e Click “Open preferences” icon at the top-right corner of the screen
e Inthe “Preferences” window:
o Inthe left frame: Open “KNIME” -> Select “Databases”

o Intheright frame: Click button “Add” and a new database driver settings window will
open where you can provide all necessary information about the JDBC driver. Load
the database driver file. After that, the driver will appear in the list of database drivers.
Click “Apply and Close” to apply the changes.

type filter text X Databases G - E
> General . . X . .
Here you can load additional database drivers from Jar or Zip archives. Registered drivers are
» Install/Update available in the corresponding database specific connector nodes and the generic DB
w KNIME Connector node.
Custormization Profiles Drivers that have [Profile] as prefix are autoratically added via a KNIME Server
T T— customization profile.These drivers can be edited but not deleted. To delete a profile driver

JavaScript Views go to the Customization Profiles preferences page.

KNIME Explorer List of database driver preferences:
KNIME Maodern Ul Name DB Type Version
> KNIME classic user interf
Kerberos Add

Molecule Sketcher
Preferred Renderers Remove
> Table Backend
> Workflow Coach

Global maximum time to wait while connecting to a database in seconds 15

Offer the migration of workflows that contain deprecated database nodes

Restore Defaults Apply

Apply and Close Cancel

Figure 2.2. Register a JDBC driver file in KNIME Preferences.

Edit Database Driver Settings Window
Clicking “Add” in the previous window opens a new database driver window where you can
provide the JDBC driver path and all necessary information, such as:

e /D. The unique ID of the JDBC driver consisting only of alphanumeric characters and
underscore.

e Name. The unique name of the JDBC driver.

o Database type. If your database is not on the list, you can choose “default”.
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e Description. Optional description of the JDBC driver.

e URL template. The JDBC driver connection URL format. Please consult your database
vendor to find the appropriate format.

e Classpath. The path to the JDBC driver. Click “Add file” if the driver is provided as a single
jar file, or “Add directory” if the driver is provided as a folder that contains several .jar
files. Some vendors offer a .zip file for download, which needs to be unpacked to a folder
first.

Driver

1Dz Oracle Database type:  oracle ~

Mame: Oracle

Description: My Oracle driver

URL template:  jdbcioraclethini@ <host>:<port> /< database>

» URL template syntax information (2)

Classpath
Ch\Users\Andisa Dewi\Downloads\ojdbe8.jar

Add file

Add directory

Driver class: oracle,jdbc.OracleDriver ~  Find driver classes

Driver version: 12.2.0

Figure 2.3. Ediit database driver settings.

o Driver class. The JDBC driver class and version will be detected automatically by clicking
“Find driver classes”. Please select the appropriate class after clicking the button.

After filling in all the information, click “Ok”, and the newly added driver will appear in the list of
database drivers.

After loading the JDBC database driver file in the “Preferences” window, the database driver
becomes a general KNIME feature and is available for all nodes in all workflows in all
workspaces.

10
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Credentials Widget

The Credentials Widget node is a KNIME node that allows you to create a Credentials Widget

credentials input widget for use in component composite views. It provides

a user-friendly way for users to enter their credentials, such as usernames

and passwords, when running a workflow. 00e

It outputs a credentials flow variable, which can be used with other nodes Figure 2.4. The

that require authentication. It provides a secure way to enter the  Credentials Wiaget
credentials, which eventually enhances the security of the workflows. node.

File

Control  Flow Variables Job Manager Selection

Label: Label

Description: Enter Description

Variable Name: | credentials-input

Username:

Password:
a Prompt user name in widget view
([ Save password in configuration (weakly encrypted)
(] Use KNIME Server Login {when run on server)

Don't render input fields

oK Apply Cancel @

Figure 2.5. Configuration window of the Credentials Widget node

SQLite Connector

The “SQLite Connector” node establishes the connection to an SQLite database (file) and
requires the following connection settings:
e Database Dialect. Choose the registered database dialect here.

o Driver Name. Select the registered database drive.

e  Path. The path to the SQLite database file.
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e In-memory. The in-memory SQLite database name. Use this option to create a temporary

database if the database supports this feature.

Note. The option Path accepts the knime:// protocol and therefore the relative path to the

workflow location, which enhances the workflow portability.

File

Flow Variables
JDEC Parameters

Inout Tvoe Mappinag Qutout Tvoe Mapping

Connection Settings

Job Manager Selection

Advanced

Configuration

Database Dialect:
Driver Mame:
Location

©Q Path:

() In-memoary:

SQLite

5QLite [ID: 5QLite]

knime: /fknime.workflow/. . /.. /KCBdata /KCBBook.sglite

temparary

w

Browse...

(]

0K Apply

Cancel

Figure 2.6. Configuration window of the "SQLite Connector” node.

In the workflow “Database_Operations” we used an SQLite Connector node and a generic DB
Connector node to connect to the SQLite database file KCBBook.sqlite. In the DB Connector
node, we selected the SQLite driver and provided the path to the SQLite file in the node
configuration window. The configuration window of the SQLite Connector node is shown

above.

Note. Unlike in an “SQLite Connector” node, in a generic “DB Connector” node, the URL for
the sqlite file cannot use the knime:// protocol and the relative path. It needs the absolute
URL path of the database file, which might make things complicated when moving the

workflow into another environment.

As an example, for all dedicated connector nodes, we have shown the “SQLite Connector” node.
Other dedicated database connector nodes differ from this one in the specific settings required

by their database master.
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2.3. Select the Table to work on: the DB Table Selector
Node

Once we have a connection to the database, we need to start working on the data. The next
step is to select the table to work on. This is the task for the “DB Table Selector” node. This
node transforms a database connection (red square input port) into a database SQL query
(brown square output port) to be executed later on the input database connection.

DB Table Selector

The “DB Table Selector” node takes a database connection at the input port and allows to select
a table, or a view, interactively based on the input database connection.

At the top part you can enter the schema and the table/view name that you want to select.

Pressing the “Select a table” button opens a “Database Metadata Browser” window (see below)
that lists available tables/views in the database.

In addition, ticking the “Custom Query” checkbox allows you to write your own custom SQL
query to narrow down the result. It accepts any SELECT statement, and the placeholder #table#
can be used to refer to the selected table. It also shows the “Database Metadata Browser” and
“Flow Variable List” panels on the left.

File

Setlings  Input Type Mapping Flow Variables Job Manager Selection

DB Table Selector

Schema: oL | Table: [sales . Selecta table

Custom Query

Database Metadata Browser 5L Statement
Q 1 |SELECT * FROM #table#

pog default
= Table 1
carsas

Fetched 1 minute ago ()

Flow Variable List

s"] knime workspace

Preview Evaluate

oK Apply Cancel

Figure 2.7. Configuration window of the DB Table Selector window
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Database Metadata Browser

The “Database Metadata Browser” window shows
the database schema, including all tables / views and
their corresponding columns and column data types.

At first opening, it fetches the metadata from the
database and caches it for subsequent use. By
clicking on an element (schema/table/view) it shows
the contained elements. To select an element, select
the name and click “OK” or double-click it.

The search box at the top of the window allows you
to search for any table or view inside the database.

At the bottom there is a refresh button to re-fetch the
schema list, including a time reference on how long
ago the schema was last refreshed.

Note that if you have just created a table and you
cannot find it in the schema list, it might be that the
metadata browser cache is not up to date, so please
try to refresh the list by clicking the refresh button in
the lower right corner.

This modular approach separating database connection

2
)

SCHEMA
—)-$oy default
= TABLE
cars85
cars85firsthalf
new_sales

{ _new_sales_DBConnector

_i product
| S| country

OK

Figure 2.8. Database Metadata Browser.

from table selection allows to process different database

tables with different SQL queries on different workflow
branches. It also allows to deal with special table selection

coe

statements for the many different databases, big data

platforms, SQL dialects, and NoSQL scripts.

In the workflow “Database_Operations” we use the DB Table
Selector node after the SQLite Connector node to upload the

dedicated
connector

Fetched 1 minute ago | ()

Cancel

to KCBBook.sqlite

coe

SELECT *
from sales

Figure 2.9. Sequence of SQLite

SQLite Connector pg rapje Selector

Ll i

whole “sales” table using the default SQL query SELECT * Connector node and TB Table Selector

FROM #table#.

node.
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2.4. In-Database Processing

For the non-SQL savvy, KNIME Analytics Platform offers several database manipulation nodes.
These nodes implement SQL queries through a graphical user interface bypassing the whole
SQL script. They take a SQL query as input (brown square port) and produce a SQL query as
output, which consists of the input SQL query augmented with the SQL query implemented in
the node itself.

For example, using the DB Table Selectornode to select the table “sales” simply loads the whole
dataset. However, what we really want to do is to get rid of the rows that pertain to product
“prod_4", to keep only those with country “Germany”, and to get rid of the “card” column, before
we pull in the data set from the database.

The SQL query to perform those operations would be something like:

SELECT product, country, date, quantity, amount from sales WHERE product!=‘prod 4’
AND country = ‘Germany’

In order to implement the SQL query above, we just need a DB Row Filter, to filter out records
with “prod_4" and filter in records with country “Germany” and a “DB Column Filter” node to
remove the field named “card”.

The DB Row Fifter node customizes a SQL query, according to a filtering criterion, to keep only
the matching data records. The filtering criterion consists of one or more conditions grouped
together in AND or OR mode. The configuration window of this node allows you to interactively
build the single conditions necessary to obtain the desired filtering criterion.

DB Row Filter

On the left side is a “Query View” panel. Here all implemented filtering conditions are listed.
On the right is the condition editor. At the bottom there are buttons to:

e Add Condition. Add a new condition to the list.

e Add Group. Group together two or more conditions via a logical operator (AND or OR).
Clicking the logical operator at the top of the group in the “Query View” panel allows to
select whether AND or OR or to delete tout court the group.

e Remove Group. Ungroup a set of conditions via their grouping logical operator.

e Delete. Delete the selected condition from the list.
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File

Conditions  Flow Variables Job Manager Selection

Query View
Q o Edit condition Delete
LY
Y country = Germany [8] product " -
[prod_a - 5
Add Condition Add Group Remove Group Delete
OK Apply Cancel @

Figure 2.10. Configuration window of the DB Row Filter node.

We connected a DB Row Filter node to the DB Table Selector node after the SQLite Connector
node. The DB Row Filter node was set to keep all rows where the column “product” was
different (operator “I=") from the value “prod_4" and the column “country” was equal to

u_n

“Germany” (operator “=").

After execution, if we look at the “Filtered DB Data” tab in the Node Monitor, we see no data
table, since the node produces a SQL query and no data. However, it is possible to see a
temporary preview of the results of the SQL query. Clicking the button “Fetch 100 data rows”
fetches the first 100 rows from the database according to the implemented query.

In the “Database_Operations” workflow, a DB Column Fifternode was also introduced to follow
the DB Row Filter node and to remove column “card” from the dataset.

L Bl red DB Data (Table

Rows: 16 | Columns: 6

#  Row B " = i tiege) ris A i
Row0 prod_2 Germany 01.02.2011 1 40 Y

2 Row1 prod_2 Germany 31.03.2010 5 200 Y

3 Row2 prod_2 Germany 22.11.2009 15 600 ?

4 Row3 prod_3 Germany 13.01.2010 1 80 ?

5 Row4 prod_3 Germany 14.09.2010 2 160 ?

6 Row5 prod_1 Germany 20.03.201 11 385 N

7 Rowé  prod_1 Germany 06.03.2011 10 350 ?

8 Row7 prod_2 Germany 22.06.2010 [ 240 ?

Figure 2.11. Output of DB Row filter node
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DB Column Filter

Th DB Column Filter node customizes a SQL query to exclude or include some of the fields in
the original data table. Its configuration window is designed like the configuration window of a
“Column Filter” node. That is, it is based on an “Exclude/Include” framework.

e The columns to be kept are listed in the “Include” frame on the right
e The columns to be removed are listed in the “Exclude” frame on the left

To move single columns from the “Include” frame to the “Exclude” frame and vice versa, use
the “>" (add to Include) and “<” (remove from Include) buttons. To move all columns to one
frame or the other use the “>>" or “<<” buttons.

A “Filter” box in each frame allows searching for specific columns, in the event that an
excessive number of columns impedes the data column overview.

With an appropriate knowledge of the SQL syntayx, it is possible to add some SQL free code to
any existing SQL query, with the node “DB Query”. This node takes a SQL statement as input,
adds the SQL query written in its configuration window, and exports the total SQL query at the
output port.

If you know your way around SQL, but you are not a SQL wizard, you can write smaller SQL
queries and pile them up using a sequence of “DB Query” nodes.

File

Colurnn Filter  Flow Variables Job Manager Selection

© Manual Selection () Wildcard/Regex Selection () Type Selection
r Exdude Include

Y FAiter Y rAiter

S| card > S| product
g country
g date

» ﬂ quantity
| | amount

«

(Z) Enforce exdusion O Enforce indlusion

0K Apply Cancel @

Figure 2.12. Configuration window of DB Column filter node
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Let's now build the same SQL query, the one built before with the DB Row Filter node, using a
DB Query node. The “DB Query” node has the task of adding SQL instructions to the SQL query

at its input port.

DB Query

On the right, the SQL Statement editor allows to insert the new SQL instruction.

The “Database Metadata Browser” window on the left allows you to browse the database
metadata such as the tables and views and their corresponding columns.

The “Database Column List” contains the columns that are available from the connected
database table. Double clicking any of the items will insert its name at the current cursor
position in the SQL statement area.

The button “Evaluate” allows you to test the syntax and the top 10 results of your query,
avoiding surprises after execution.

File

SELECT query to

Settings Flow Variables  Job Manager Selection

Database Metadata Browser

B0 Table
i cars85

carsasfirsthalf

new_sales

sales

new_sales_DBCornector

AY

Fetched 1minute ago  (})

Flow Variable List

4 patabase Column List

knime. workspace

product
country
date
quantity
amount
card

SQL Statement

1 SELECT * FROM #table# where product !=

"prod_4' AND country = "Germany"

Preview results:

Evaluate

Row ID [S] product ||§| country | [8] date [1]quantity [[1]amount [[S] card
Rowd prod_2 |Germany oroz2.2011 |1 %0 ¥
Rowl prod_2 (Germany 3103.2000 |5 200 Y
Row2 prod_2 (Germany 22.11.2008 |15 00 ?
Row3 prod_3 |Germany 13012010 [T 80 ;
Rowd prod_3 (Germany 14.08.2010 |2 160 ;
Rows prod_1 (Germany 0.03.2011 |11 385 N
Rows prod_1 |Germany 08.03.2011 |10 350 7
Row? prod_2 (Germany 22062010 6 240 ;
Rowd prod_1 Germany  |02.12.2008 |1 35 Y
Rows prod_2 (Germany 11.02.2011 |1 0 ?

Apply Cancel [©)

Figure 2.13. Configuration window of the DB Query node.

Note. The notation #table# is a placeholder for the input table. Do not remove it! Some
database software also require the statement “as <new-table-name>" to work. Click the
“Evaluate” button to evaluate the SQL statement and return the first 10 rows of the result.
If there is an error in the SQL statement, an error message will be shown in the Evaluate

window.
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In the “Database_Operations” workflow, we introduced a “DB Query” node to implement our
target query, including a row filter and a column filter, as described above.

SELECT * FROM #table# as tem234 where product != 'prod 4' AND country = “Germany”

Note. The “DB Row Filter” node, as the “DB Column Filter” node and the “DB Query” node,
do not operate directly on data, they simply customize the input SQL query without
executing it. In fact, all database processing nodes do not have a data output port (black
triangle), but instead a database output port (brown square). This is because they do not
output a data table, but just a SQL query.

Sometimes, for very large database tables, it can be useful to create a targeted SQL query
before pulling in the data. In fact, the download of very large tables might consume all available
memory and slow down the workflow execution.

2.5. Utility Nodes for Databases

If you need to execute a SQL statement on the database before pulling out the data, then the
“DB SQL Executor” is your node. This node implements and executes a SQL statement on the
database connection available at its input port. It then re-presents the same database
connection at the output port for further database operations.

The task of the “DB SQL Executor” node is to allow the execution of any SQL statements on the
connected database. While the “DB Query” node produces a SQL statement that gets appended
to the input SQL statement after the node execution, the “DB SQL Executor” node creates the
SQL statement and already runs it against the selected database during the node execution.

Since later on, in the “Database_Operations” workflow, we would like to use the “DB DELETE
(TABLE)” and “DB UPDATE" node, that physically alter the content of the database, we insert a
spurious record with product ‘prod_5' to be removed later. Such insertion is executed via a “DB
SQL Executor” node. As we have already said, execution of this node physically executes the
SQL statement on the connected database. It is then useful to make changes into the
underlying database, such as deletions and insertions, for example. In our example workflow
“Database_Operations” we use it to insert spurious records in the database table before
proceeding with the next workflow operations.

DB SQL Executor

The “DB SQL Executor” node executes a SQL query on the database connection available at its
input port. The most important configuration setting required is the SQL statement. If you want
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to execute multiple SQL statements, the checkbox “Support multiple SQL statements” has to
be checked. In this case, the default SQL statement separator is “;".

Finally, two last nodes complete the landscape of the database processing nodes: “DB Query
Injector” and “DB Query Extractor”.

File

Config  Flow Varisbles Job Manager Selection

Database Metadata Browser 4 Flow Variable List SQL Statement
Q [57] knime. workspace 1 [INSERT INTO sales VALUES ("prod_s","India", 12.12.2015',1, 2,'');

oy default
£ 57 Table
: new_sales
new_sales_DBConnector
sales

Fetched 1minute ago ()

8 Support multiple SQL statements  SQL Statement separator: |;

oK Apply Cancel @

Figure 2.74. Configuration window of the DB SQL Executor node.

DB Query Injector

The “DB Query Injector” node takes a database connection and a flow variable as input and
produces a SQL query at the output port. The flow variable contains the SQL query that will be
produced at the output port.

The goal of this node is similar to the goal of the “DB Table Selector” node. The only difference
is in the way the new SQL query is defined: the “DB Table Selector” node builds the SQL query
in an SQL editor (if “custom query” option is checked) in the configuration window, while the
“DB Query Injector” node takes the SQL query from the input flow variable of type String.

Since the SQL query comes from the input port and this is all the settings needed, the node
requires no configuration besides the name of the input flow variable containing the SQL query.
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DB Query Extractor

The inverse path of the “DB Query Injector” node is implemented by the “DB Query Extractor”
node.

The “DB Query Extractor” node connects to a SQL query running on a database connection
(brown square) and extract the SQL statement, which is output as a flow variable and as a data
table. The SQL query in the flow variable port can feed a “DB Query Injector” node, therefore
allowing for extraction and re-execution of complex SQL statements.

The “DB Query Extractor” node also requires no configuration besides the name of the output
flow variable.

In workflow “Database_Operations”, we used the “DB Query Extractor” node to extract the SQL
query resulting from the cascade of the “DB Row Filter” node and the “DB Column Filter” node.
The final result was stored in a flow variable named “sql” and also presented at the output port
of the node. The extracted SQL query is the following:

SELECT product,country,date,quantity,amount FROM (SELECT * FROM (SELECT * FROM sale

s) table 1133717088 WHERE product != 'prod 4' AND country = 'Germany') table 765435
881

Where the outer SELECT statement is the result of the “DB Column Filter” node and the inner
SELECT statement is the result of the “DB Row Filter” node.

2.6. Reading Data resulting from a SQL Query

So far we have connected to the database and built a SQL query that fits our purposes. How do
we run the SQL query on the database and get the results into the KNIME workflow? We need
areader node. There are a number of such database reader nodes, each one operating a slightly
different task. The simplest — and yet the most powerful one - is the “DB Reader” node.

DB Reader

The “DB Reader” node executes the SQL query at its input port on the DB Reader
database and produces the resulting data table at its output port.  mE e
This node does not need any configuration settings. Everything that is oTor

needed, such as the database connection and the SQL query to execute, is

contained in the input SQL query. Fioure 215 The DB
fgure 2.15. The

Reader node.
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Note. The “DB Reader” node has a dark brown square as input port (SQL statement) and a
black triangle as output port, i.e. it takes a database connection with a SQL query as input
and produces a KNIME data table as output.

We introduced a few “DB Reader” nodes into the “Database_Operations” workflow, each one
connected to a different branch. Since all branches though are implementing the same SQL
query, either as free code, or created with the help of database processing nodes, or injected
from a flow variable, you can compare the SQL results by comparing the output data tables
from all these “DB Reader” nodes.

However, sometimes the SQL query at the input port is not pre-defined and therefore not easy
to build statically. It can change from one execution run to the next. In this case, we need to
parameterize it: either we build it dynamically, for example via a DB Query node or we use a
“Parameterized DB Query Reader” node.

Let's start with an example. The SQL SELECT statement extracted in the previous section is
equivalent to the following SQL statement:

SELECT product, country, date, quantity, amount from sales
WHERE product = 'prod 1' OR product = 'prod 2' OR product = 'prod 3'

This is a very commonly used type of SELECT query: a query looping over a number of distinct
values. As there are only three values involved in the WHERE condition, this query is still
manageable manually. Sometimes, though, the number of values involved in the WHERE
condition can be much higher, change for each execution run, or even unknown.

In cases like this, it can be necessary to use the values of another column as the matching
patterns for the WHERE condition in the SELECT query. In our workflow, for example, we could

create a data table with the values “prod_1", “prod_2" and “prod_3" in one column and use this
column’s values as the matching patterns for the WHERE condition in the SELECT query.

To create a data table from inside a workflow we can use the “Table Creator” node. The “Table
Creator” node simulates an Excel Sheet and is often used to create temporary small data sets.
We have introduced it into the workflow “Database_Operations” to create two data columns:
one named “include” containing “prod_1”, “prod_2", and “prod_3" and one named “exclude”
containing “prod_5". The idea would be to loop through all values in column “include” and

extract the matching records from the database.

Now that we have a data column containing all values we want to match in the database, we
need a node to loop on all those values and search for possible matches: the “Parameterized
DB Query Reader” node. This node has two input ports and one output port. At one input port
the node expects a data table and at the other input port a database connection. A data table
is also produced at the output port.
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Table Creator

The “Table Creator” node provides a small
editor to manually generate data from
inside a workflow. It does not belong to
the database category, and it is actually
located in the category “I0” -> “Other” in
the “Node Repository” panel. The
configuration window of the “Table
Creator” node contains the data editor
with the following properties:

e The cell content is editable.

e Selecting a column and right-clicking
its column header displays a menu to
change the column’'s properties
(name, type, missing values, and
format) and allows to insert or delete
columns

e Selecting a row and right-clicking its
RowlID allows to change the RowID’s
properties and to insert or remove
rows
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Figure 2.76. Configuration window of Table Creator node.

e “Copy and paste” of cells from Excel sheets is also enabled.

The “Parameterized DB Query Reader” node connects to a database, and implements and

executes a SQL query like:

SELECT * FROM #table# AS “table” WHERE <database-column-name>

n-name>S$>

<value from $<colum

During execution, this SQL query will be executed as many times as the number of values in the
selected column of the input data table, where in each of the query S<column-name>S$ is
substituted with a value from the selected column of the input data table. The resulting data
are concatenated together and imported from the database into the KNIME workflow.

Parameterized DB Query Reader

The configuration window contains:

e The editor for the SQL statement
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e The list of Database Columns from the input database.
e The list of columns from the input data table whose distinct values will be looped over

e The “Database Metadata Browser” to explore the tables and table structures in the
database and help to build the SQL statement in the editor.

File
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Database Metadata Browser : Database Column List QL Statement
Q) Jeroduct 1 TSELECT * FROM ¥table# AS "table" WHERE "product® = Sincluded
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T —
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Flow Variable List
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Options

() Append input columns. Indude empty results Retain all columns Fail on error

ox o Cance
Figure 2.17. Configuration window of Parameterized DB Query Reader.

Again, double-clicking one element here, automatically inserts it in the SQL statement editor.

At the bottom is a series of additional options:

e ‘“Include empty results” to append all empty results to the output table where they will be
represented as a Missing Cell.

e “Append input columns” to append the input columns used in the looping
e “Retain all columns” to append all input columns including those not used in the looping

e “Fail on error” to make the node fail when an error is encountered in the SQL query
execution

We have seen that, if we can write little SQL, we do not need many extra nodes to build a SELECT
query. We have seen, for example, that after connecting to a database using one of the
Connector nodes, we can write the SELECT query directly into a “DB Table Selector” node and
then read the data into the workflow by means of a “DB Reader” node. We can reduce the
number of nodes even further by using a “DB Query Reader” node.
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The “DB Query Reader” node has a database connection at the input port and a data table at
the output port. This node allows you to execute a SQL statement, including table selection,
and import the result into the KNIME workflow. The “DB Query Reader” node performs almost
all database operations:

e Reads and executes the SQL statement in its configuration window, including the
database table selection

e Pulls the resulting data from the database into a KNIME data table

DB Query Reader

The configuration window of the “DB Query Reader” node only requires the SQL statement to
retrieve the data from the database table.

Here the “Database Metadata Browser” panel can help with building the SQL query. Just hit the
Refresh button at the bottom of the panel to update the database structure and double-click
table and field names to make them appear automatically in the SQL query with the right syntax.

At the bottom right there is the “Evaluate” button where you can evaluate the SQL statement
and return the first 10 rows of the result. If there is an error in the SQL statement, then an error
message will show in the Evaluate window.

In the lower part of the “Database_Operations” workflow we introduced a “DB Query Reader”
node with a database connection at its input port and using:

e The “KCBBookCopy.sqlite” database located in the “KALdata” folder in the “KNIME
Explorer” panel

e The SQL statement SELECT product, country, date, quantity, amount FROM
sales where product != 'prod 4'
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Figure 2.18. The configuration window of the DB Query Reader node.
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2.7. Writing Data resulting from a SQL Query

Similarly, the “DB Reader” node, KNIME offers a “DB Writer” node. The “DB Writer” node writes
data from a data table input port into a database table. The “DB Writer” node has two output
ports, one containing the input table with additional columns providing the writing status for

each row and warnings (if any), and the other is the database written table.

DB Writer

The configuration window requires the following values:

¢ The name of the table to write into. The “Select Table” button helps with locating the right
table, if already existing.

e The “Batch size” with the number of rows to be written in each batch job. For higher
performance you should choose a higher number. However, a too high number might need

more memory.

e An Exclude/Include panel to set the columns to write or to exclude.

Additional options, to:

26



Chapter 2: Database Operations

e “Remove existing table” in case the table already exists.
e “Append write status columns” for each written row in the output table.

o “Disable DB Data output port” to avoid problems with databases that do not support
subqueries.

e “Fail on error” in case an error is encountered when writing on the database.

Sometimes we do not even need to pass through the KNIME Analytics Platform. We connect
to the database, we select the table, we build the SQL query, and we execute it against the
selected database and just write the results into a table in the same database. This is done
with the “DB Connection Table Writer” node.
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| 8| country
'S |date
» | 1| quantity
| 1| amount
<
<«
10 Enforce exdusion (0) Enforce indusion
oK Apply Cancel @

Figure 2.79. Configuration window of DB Writer node.

The “DB Connection Table Writer” node reads and executes the SQL query at the input port and
writes the resulting data into a database table. At the input port (brown square) we find the
database connection with the SQL query. The output port (brown square) contains the
database connection with the SQL query used to write data into the table.
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DB Connection Table Writer

The only setting required in the configuration
window is the name of the database table to ™
which the data is written. The database name is | 2 fontoretls Jbanase seecion

already known to the node since it is part of the = =
database connection parameters. Tt v sdes o] | setoae
Another option is to determine how the node ”tﬁ‘j‘w;“--- ) )

Overwrite () Append () Fail
should behave if the specified table already
exists:

oK Apply Cancel

e “Overwrite” overwrites the existing table (i.e.

it will be dropped and recreated) Figure 2.20. Configuration window of DB Connection

Table Writer node.
e “Append” adds the new data to the existing

table (no new table is created)
¢ “Fail” makes the node execution fail

We introduced one “DB Connection Table Writer” node to write the data resulting from the
sequence “DB Row Filter” + “DB Column Filter” into a new database table named “new_sales”.

2.8. Database UPDATE and DELETE Commands

There are a couple of database manipulation nodes available in the “Database” category: the
“DB Update”, “DB Delete (Filter)”, “DB Delete (Table)”, “DB Merge”, “DB Row Manipulator” node,
among other things. In this section, we will cover two nodes, the “DB Update”, and “DB Delete
(Table)” node. Both nodes connect to a database and perform a specific query (update or
delete) on a specific subset of data as defined by the “Select WHERE Columns” panel in their
configuration window. The “Select WHERE Columns” panel uses the values in the selected
column(s) to match the values in the corresponding database table field(s) for the WHERE
clause.

Both nodes have two input ports — one for a data table, the other one for a database connection
- and two output ports — one containing the input table with additional columns providing the
deletion and update status and one referencing the SQL query. The data table at the input port
is used for the WHERE and SET conditions in the DELETE and UPDATE statements.
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DB Delete (Table)

The “DB Delete (Table)” node
deletes all records in the selected
table that match the WHERE
clause.

The WHERE clause identifies the
table field(s) with the same name
as the selected column(s) in the
Include/Exclude frame.

All records in the table, with
value(s) in the field(s) matching
the values in the selected
column(s), are deleted during
execution through a DELETE
statement.

DB Update

The “DB Update” node updates the
value(s) of some table field(s)
through a SET WHERE statement.
The WHERE clause is built like for
the “DB Delete” node. That is, the
WHERE clause identifies the table
field with the same name in the
database as the selected column
in the “Select identification
columns (WHERE in SQL)” frame.

Record value(s) of rows identified
inthe WHERE set are then changed,
according to the SET condition. All
field(s) with the same name as the
selected column(s) in the “Select
the columns to update (SET in
SQL)” frame, take on the value(s)

7 - DB Delete (T e - [m]
File
Settings Qutput Type Mapping  Flow Variables  Job Manager Selection  Memary Policy
Table to delete
Schema: oF | Table: [sales A Select a table
Batch Size: 12| [ODFalloneror (@ Append delete status columns (] Disable DB Data output port
Select identification columns (WHERE in SQL)
© Manual Selection () Wildcard/Regex Selection () Type Selection
Exdude Indude
Y Fiter Y Ater
7 [exdude > S [include
|S] country | 8] product
|S| date
| 1] quantity ¥
| 1] zmount
18] card <
<«
© Enforce exdusion () Enforce inclusion
oK Apply Cancel @

Figure 2.21. Configuration window of the DB Delete (Table) node.

Dialog - 0:58 - DE Update (update other field values) - O
File

Settings  Output Type Mapping  Fiow Variables  Memory Policy

X

Table to update
Schema: o | Table: |new_sales A Selecta table
Batch Size: 113 Fail on error Append update status columns ] Disable DB Data output port
Select the columns to update (SET in SQL)
(@) Manual Selection (O) Wildcard/Regex Selection (7 Type Selection
Exclude Indude
Y Aiter Y Aiter
S product > [S]country
| S| card S| date
| 1] quantity
» | 1] amount
<
<«
() Enforce exdusion (®) Enforce indusion
Select identification columns (WHERE in SQL)
(®) Manual Selection () Wildcard/Regex Selection (J) Type Selection
Exclude Indude
Y Ater Y Ater
[8] country > S| product
|8 date
|1 | quantity
| I | amount »
S| card
<
«
(O Enforce exdlusion (@ Enforce indlusion
oK Apply Cancel @

Figure 2.22. Configuration window of the DB Update node.
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of the SET columns, through an UPDATE statement.

The final workflow, named “Database_Operations”, is shown in the figure below.

Workflow: Database_Operations

This workflow shows how to connect te a database and implement SQL queries, as free text or using the database nodes.

Database Access Build SELECT query Extract and Insert existing SQL queries Import data into workflow Writing into a database
Opens the connection to the database DB Query DB Reader
and in some cases builds a first SELECT
query. For SQLite DB a dedicated _m:lm | NS
connector is available. /
/ oce coe DB Connection Table Writer
/ SELECT query to original data, no prod_4
/ exclude rows with prod_4 1
/ and include rows with Germany DB Reader
/’ / (sTs] ]
$QLite Connector DB Table Selector /» / 1} —m E-; | — Write resuts of SQL
o DB Row Filter DB Colum Filter | . Query directly
HY F”""’L“ / — ooe from database
o8 oom He————wml 0 card,
- \ no prod_4
dedicated SELECT * Ooe.__ [e]e] ) \ from Row Filter and DB Writer
connector from sales T \ Column Filter S p
to KCBBook.sqite SELECT query to SELECT query |
exclude rows to exclude — -
with “prod_4"and include  column "car DB Query Extractor DB Query Injector DB Reader 0oe
rows with ) \ " —m
couniry = "Germany - \_,7 m it T ) i s write output data table
B, amnm Tl from KNIME into
ooe o0e ooe SQLite database
extract query from inject query no card, no prod_4
row filter + into new DB connection
DB Connector " DB SQL Executor DB Table Selector column filter DB Reader
E Bsm - EmHm— | mis
ooe \\ N (elo] } ooe ™~ fole] }
generic comector \ \ insert prod_5 allfields S original table + DE Delete (Table)
to SQLite DB \ \ 2015 India all data new India data P
KCBBookCopy.sqlite N %\, into sales table from sales table . o
. Parameterized DB Query Rea}e/

~_ ey -—— delete records with
Table Creator P ol ;_?, matching value
— B in "product” column
— 60
B = DB Update

match values in ~—
. 00e exclude” column .

include® = prod1, prod2, prod3

"exclude’ = prod5 DB Query Reader oce
i update other field values
il Rl in records where "column’
matches “exclude
(ole] ]
SELECT query

no card, no prod_4

Figure 2.23. The “Database_Operations” workflow in folder “Chapter2” shows several nodes for database operations.
From right to left: Database Connectors (dedicated and generic), in-database processing nodes, utility nodes,
readers, and writers.

2.9. Database Type Mapping

The database framework allows you to define rules to map from database types to KNIME
types and vice versa. This is necessary because databases support different sets of types. For
example, Oracle only has one numeric type with different precision to represent integer and
floating-point numbers whereas KNIME uses different types (integer, long, double) to represent
them.
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Especially, date and time formats are supported differently across different databases. The
zoned Date&Time type that is used in KNIME to represent a time point within a defined time
zone is only supported by few databases. With the type mapping framework, you can force
KNIME to automatically convert the zoned date time type to String before writing it into a
database table and to convert the String back into a zoned date time value when reading it.

The type mapping framework
consists of a set of mapping rules

for each direction specified from okt T e
the KNIME Analytics Platform view | ===

point:

File

Column Mame Regex  Source Type Mapping [+]

e Output Type Mapping: The
mapping of KNIME types to i

database typeS Database Type Mapping {—}
BOOLEAN — Boolean — Boolean value (]

BIT — Boolean — Boolean value I ]

® Inp”t Type Mapplng-‘ Th e TINYINT — Integer — Humber (integer) I 1
A SMALLINT — Integer — Number (integer) o

mapping from database types | e — Integer — Number (integer) =
BIGINT — Long — Number (long) I ]

tO KN I M E typeS FLOAT — Double — Number (double) I 1

REAL — Double — Number (double) o

DOUBLE — Double — Number (double) 1

Each of the mapping directions has
two sets of rules:

oK Apply Cancel @

e Mapping by Name: Mapping Figure 2.24. The "Input Type Mapping'" tab in the configuration window

rules based on a column name of the SQLite Connector node.
(or regular expression) and
type.

o Mapping by Type: Mapping rules based on a KNIME or database type. All columns of the
specified data type are considered.

The type mapping can be set and altered at various places in a workflow. All database nodes
with a KNIME data table as input provide the “Output Type Mapping” tab in the configuration
window to map the types of the input KNIME columns to the types of the corresponding
database fields.

2.10. Big Data Platforms and MongoDB

Amongst the dedicated connectors, there are a few dedicated to big data platforms, such as
Apache Hive, Impala Cloudera, and more. These nodes can be obtained by installing the KNIME
Big Data Extension.
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As for all databases, you can connect to a big data
platform using either the dedicated connector or the
generic “DB Connector” node. If you use the generic “DB
Connector” node, you need to supply the JDBC driver
file, usually provided by the big data platform vendor.

As for all databases, after the connection has been
established, you can use a “DB Table Selector” node for
table selection and a sequence of in-database
processing nodes and “DB Query” nodes to build the
desired SQL query.

However, writing to a big data platform is not possible
through a “DB Writer”, “DB Update”, or “DB Delete” node.
For big data platforms we need to use one of the
following nodes.

e A “HDFS Connector” node or its related node
("HDFS Connector (KNOX)"). This node supports
HDFS, WebHDFS, and HTTPFS. This node can be
followed by a “Transfer Files” node to upload data
onto the HDFS platform, or to read data from an
HDFS platform. Similarly, it is possible to load data
directly on a Hive or Impala database using a “DB
Loader” node right after this node. All these nodes
are available in “l0/Connectors” and “lO/File
Folder Utility” categories.

e An alternative way to load data onto a big data
platform is to go through Spark and use the
Parquet format. These nodes are available in the
“Apache Spark” category.

If you have opted for NoSQL databases, such as
MongoDB, CouchDB, or NewSQL, in general you need to
rely on REST service nodes in the REST Web Services
category (see chapter 3) to extract information. Indeed,
for now only nodes to read, write, update, save, and
remove records in a MongoDB database are available in
KNIME Analytics Platform under the “Tools &
Services/MongoDB" category.

Nodes > Results T

C'\ Search all nodes
IR [corvecon | e o]

DB Reader

DB Query Reader DB Table Selector

s i mi>m
DB Query DB Joiner DB GroupBy
|
m:lm 2w mirm
u
Microsoft SQL
DB Row Filter DB Writer Server Connector
DB SOL Executor DB Connector DB Column Filter
mism tum e
$0Lite Connector DE Table Creator DE Insert
e ans JER
PosigreSOL
MySaL Connector Connector Oracle Connector
im W L om

Figure 2.25. Dedlicated connector nodes to
big data platforms available through the
KNIME Big Data extension.

Nodes > Results = Y
C\ Search all nodes
LLGLLL RN | Tools & Services

MongoDB
Connector

MongoDB Reader MongoDB Remove

L 2 (1 ] E
MongoDB
MongoDB Writer Aggregation MongoDB Update
i o JEES
MongoDE Run
MongoDB Save Command

Figure 2.26. The MongoDB nodes in "Tools &
Services'.
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2.11. Exercises

Exercise 1

Create an empty workflow, called “Exercise1”, in an “Exercises” workflow group under the

existing “Chapter2” workflow group.

The “Exercise1” workflow should prepare the database tables for the next 2 exercises. It should

therefore:

e Read the file “cars-85.csv” (from the “KALdata” folder);

e Write the data to an SQLite database table named “cars85” in KCBBook.sqlite database;

e Write only the first 20 rows of the data into a table called “cars85firsthalf” in the same

KCBBook.sqglite database.

Solution to Exercise 1

Workflow: Chapter 2/Exercise 1

This exercise is about writing data into a database and while doing so it prepares the data for the next exercises.

= Read cars-85.csv file
« Write the first 20 rows into a database
« Write it all into a database

As a database use SQLite database in KBCBook.sqlite file.

CSV Reader Row Filter DB Writer
P
=+ _—
S *
coe _cce _ coe
read file ext;é‘tﬁu\sl ’ write first 20 rows of cars85.csv dataset

cars-85.csv in KCBdata 20 rows™ - into KCBBook.sglite database table
cars85firsthalf
d S~ DB Writer
SQLite Connector —
Bem— .
o0e

ooe
write full cars85 dataset

connect to SQLite database into KCBBook.sqlite database
KCBBook.sqglite

Figure 2.27. Exercise 1. The workflow.

The “DB Writer” node is used in conjunction with a “SQLite Connector” node.
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Exercise 2

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

e Connect to “"KBCBook.sqlite” database and read “cars85” table
¢ Remove the first two columns: “symboling” and “normalized_losses”

e Only keep rows where “make” is “bmw” or “audi”

Solution to Exercise 2

There are many ways to implement this exercise. We propose four of them:
e “DB Connector” + “DB Table Selector” + in-database processing nodes

e “DB Connector” + “DB Table Selector” + in-database processing nodes for column
selection + SQL query for row filter (WHERE)

e “SQLIlte Connector” + “DB Reader” + full SQL query
The full SQL SELECT query for the last two options is:

SELECT make, fuel type, aspiration, nr_doors, body style, drive wheels, engine_ loca
tion, wheel base, length, width, height, curb weight, engine type, cylinders nr, en
gine size, fuel system, bore, stroke, compression ratio, horse power, peak rpm, cit
y_mpg, highway mpg, price

FROM cars85 where make = 'bmw' OR make = 'audi'
The SELECT query is a bit tedious to write mainly because of all the columns of the table we
want to keep. This same SQL query can be implemented with a combination of “DB Column
Filter” and “DB Row Filter” nodes (first approach from the list).

Alternatively, we can use a simple SQL query for the row filter and a “DB Column Filter” node
(second approach in the list). The simple SQL query for the row filtering part then takes the
shape:

SELECT * FROM cars85 where make = 'bmw' OR make= 'audi'
All described approaches are shown in the figure below. Notice that the metanode named “Get
path to DB” uses a flow variable connection (the red connection) to parameterize the sqlite file
path. We will see flow variables later in this book.
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Workflow: Chapter 2/Exercise 2

Reads dataset cars-85 from the KCBBook. sqlite database, prepared in Chapter2/Exercise 1. The goal of this exercise is to read data from a
database and practice a bit of in-database processing with database nodes and SQL queries.

To read the database start with a connector node, either the generic DB Connector node or the dedicated SQLite Connector node.

Pre-process the dataset with database nodes or SQL queries as follows:

1. exclude ‘symboling’ and ‘normalized losses
2. keep only bmw and audi cars

DB Connector DB Table Selector DB Column Filter DB Row Filter DB Reader
O B e N L e | RN
(oYo] ) \ (oTo] ] (eTe] ) {olo] 00@
generic connector | SELECT * from cars85 exclude "symboling"” and make = 'bmw' OR
to SQLite DB "normalized losses" make = ‘audi'
KCBBook.sqlite
DB Column Filter DB Reader

\ DB Table Selector

TEADE ——ae—————————mii»

ooce

SELECT * from cars85
WHERE make = 'bmw'

OR make = ‘audi’
Get path to DB
ron
1/ oD
L-Jd
get path to
SQLite DB QLite Connector
KCBBook.sglite ~o
HE
ocoe
connect to
KCBBook.sqlite
database

Figure 2.28. Exercise 2: Accessing and filtering data with SQL queries and/or ir-

ooe ococe

exclude
"symboling" and

"normalized losses”

DB Query Reader
—H >

ooe

SELECT,,,,,,, from cars85
WHERE make ="bmw'

OR make = ‘audi’

database processing nodes.

Exercise 3

In the “Chapter2\Exercises” workflow group create a workflow called “Exercise3”. The goal of
this exercise is to practice with the Parameterized DB Query Reader node.

Extract “make”, “nr_doors”, “length”, “width”, and “engine_type” from table “cars-85" in
KCBBook.sqlite database, as prepared in exercisel. Like in exercise 2, pre-process the dataset
to keep only “bmw” and “audi” cars. This time though use a “Database Looping” node instead
of SQL queries and database filter nodes.
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Solution to Exercise 3

For the solution of this exercise, we need the list of the values to keep for attribute “make”:
“audi” and “bmw”. We build this with a “Table Creator” node in a column named “include-make”.

Afterwards a “Parameterized DB Query Reader” node loops on all the distinct values in column

“include-make” and keeps the rows in the database table where “make” matches any of these
values.

The “Parameterized DB Query Reader” node is used in standalone mode and in conjunction
with a dedicated connector node.

Workflow: Chapter 2/Exercise 3

The goal of this exercise is to practice with the Parameterized DB Query Reader node for looping purpose.

From table cars85 in the KCBBook. sqlite databsae, prepared in Chapter2/ExerciseT, extract:

* make

e nr_doors
« length

o width

« engine_type

Like in the previous exercise, pre-process the dataset to keep only bmw and audi cars. This time though, unlike Chapter
2/Exercise2, use a Parameterized DB Query Reader node instead of SQL queries and database filter nodes.

Table Creator
Parameterized DB Query Reader
B, »

52"
ooe R
/ ooe
create list of / . .
include make as / loop over column "make
bmw and audi / and keep oply
/ bmw and audi cars
/
SQLite Connector DB Table Selector /

i mim

ooce coe
connect to select
KCBBook.sqlite table cars85
database

Figure 2.29. Exercise 3: The workflow.
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We are all familiar with the World Wide Web, the Web: a huge data pool whose resources can
be accessed through Universal Resource Locators (URLs). Accessing information on the web
through KNIME Analytics Platform allows us to retrieve and manipulate data in real-time.

An important repository of information for public and private documents resides in the whole
Google environment: docs, sheets, drives, and so on. Similar to Excel sheets, KNIME Analytics
Platform can also access Google Sheets.

3.1. Accessing Google Sheets

One powerful and simple way to create and edit data online while collaborating with other users
in real-time is via Google Sheets. KNIME Analytics Platform offers a full set of Google Sheets
dedicated nodes. A number of such nodes are available to connect, read, write, update, and
append cells, rows, and columns into private or public Google Sheets. They can be found in the
Node Repository under:

e “l0/Connectors/Google”
e “lO/Read”
e “lO/Write”

Let's start with connecting generically to the Google API via the Google Authenticator node.
This node provides a generic connection to the Google API, to connect to a Google Sheet or
other Google services.

Notice that user credentials to access any Google service are never seen by KNIME. All KNIME
keeps in memory is the token derived from the authentication operation on the Google access
page. Even the authentication key is not saved anywhere on your hard-disk, unless an explicit
instruction has been set.

Note. KNIME Analytics Platform does not store your Google credentials, just the
authentication token (if at all). Your Google credentials are entered in the Google sign-in
page and not in the KNIME software.
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If you do not want to share the Google authentication token, remember to make the workflow
forget about it by clicking the button “Clear Selected Credentials” in the configuration window
of the Google Authenticator node.

Google Authenticator

This node authenticates to Google services specified | =
in the node settings. Authentication happens in the | Authentication type
configuration window. teractive ~

After choosing the scopes, one must authenticate
using the "Login" button. A pop-up will appear that
asks the user to grant access to the selected scopes.
If you have already authenticated, the "Login" will test
the stored credentials in the selected location. Access

Scopes of access

How to select scopes

Standard

Scope/permission

can be revoked at any time by Vvisiting : seren (Rese v u
myaccount.google.com/permissions.

By default, the authentication key is kept in memory

for that particular instance unless differently specified ~ Avthentication

in the configuration window. the authentication key is Login

kept in memory, the user must authenticate again at

each new KNIME session. The authentication key can ~ Showadienced seliines

be stored in a file via the “Custom” option. In this case,

a folder must be specified where to store the key. This s

option is useful in case a shared authentication key is

used Figure 3.1. Configuration window of the Google

Authenticator node.

Only in the case where authentication happened via

the API key (Authentication type = API Key), which could be a JSON file or a P12 file stored in
some location, the user does not need to re-authenticate the next instance of KNIME Analytics
Platform.

The extent of the number of Google services accessible via the authentication key is defined in
the lower part of the configuration window under “Scopes of access”. The user can select from
the standard scopes or add a custom scope.

Among all available Google services, after authentication, in this example we want to access
the Google Sheets service. The node to do that is the “Google Sheets Connector” node.
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Google Sheets Connector

The Google Sheets Connector node creates a connection to Google Sheets, given an existing
Google API connection at its input port. Since the whole required information is already
contained in the authentication key at its input port, no other configuration setting is required,
and no configuration window is provided. It is clear that the input authentication key must be
enabled to access the Google Sheets service even in Read/Write mode, if required.

Now, let’s read a tab of a Google sheet. To read a tab ("sheet") of a Google spreadsheet, we use
the “Google Sheets Reader” node. In the “Google Sheets Reader” node, the spreadsheet can be
selected among all spreadsheets with access permission.

Inside the selected sheet, you can specify a specific range of cells to be read. The range must
be entered in A1 notation (e.g., "A1:G10"). For more information about A1 notation visit:
https://developers.google.com/sheets/api/quides/concepts#al_notation.

Google Sheets Reader

The Google Sheets Reader accesses data
from one tab “sheet” of a Google
spreadsheet. The following settings can be
configured:

e  Spreadsheet: Selects one spreadsheet
from the list of spreadsheets available
on Google Drive. Clicking on button
“Select...” opens a dialog with the list of
available spreadsheets from Google
drive. If a document doesn't appear in
this list, make sure that you have
permissions to access it and that you
have opened it at least once within a
browser to associate it with your
Google account.

Dialog - 4:278 - Google Sheets Reader (Just 2 bunch of] — [m] x

File

Semngs Flow Variables Job Manager Selection Memory Policy

Spreadsheet: | tast sheet for KAL Select..,

Sheet: sheet ~ Open in Browser...

[ Select First Shest

[ Range:

Has Column Header

() Has Row Header

oK Apply Cancel

Figure 3.2. Configuration window of the Google Sheets
Reader node.

e Sheet: Selects the sheet from the spreadsheet that should be read. Available sheets can
be selected from the drop-down menu. The button “Open in Browser..." opens the selected
spreadsheet in the browser. This is useful to ascertain whether that is the sheet of

interest.
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e Select First Sheet: When selected, the first sheet of the spreadsheet will be read instead
of the one selected from the drop-down menu.

e Range: The range of cells that should be read from the sheet can be specified here in A1
notation. (E.g. "A1:G20").

e Two checkboxes that specify if the sheet includes column names and row ids,
respectively.

To translate these notions into a practical workflow, we built a workflow in “Chapter3” named
“Access_GoogleSheets”. This workflow accesses the sheet named “sheet” from a public
Google spreadsheet named “Test Sheet for KAL". This sheet contains just randomly generated
numbers. We first connected to the Google Spreadsheet using the “Google Sheets Connector”
and retrieved the data from the Spreadsheet “Test Sheet for KAL" and the Sheet named “sheet”
using the “Google Sheets Reader” node.

There are more nodes covering different functionalities on Google Sheets. We have not
introduced these nodes in the example workflow, but we will cover them briefly in the rest of
this section.

For example, the node “Google Sheets Appender” adds a new sheet to an existing spreadsheet
in Google Sheets. The configuration settings are very similar to the settings of the “Google
Sheets Reader” node, plus a few additional writing settings.

Google Authenticator Google Sheets Connector Google Sheets Reader
o m = [F » = [5] »
(oYe] ) (e)e] ] ocoe

Authentication to Given an API connection Just a bunch of
Google Services; connetcs to Google Sheets random numbers
To authenticate,
you must click the

“Login" button

Figure 3.3. Workflow "Access_GoogleSheets" accessing and reading
content from a Google Spreadsheet.
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Google Sheets Appender

Spreadsheet and Sheet name
require the selection of the
spreadsheet among one of the
available  spreadsheets on
Google drive and the selection of
the sheet inside the
spreadsheet.

File

Settings  Flow variables Job Manager Selection

Spreadsheet Settings

Spreadsheet: Select.

Sheet name

Write Settings

Add column header

Add row header

Add column/Add row header:
Specifies, whether the column
names should be written in the
first row and whether the row
ID's should be written in the first
column of the spreadsheet.

(] For missing values write:

Write raw (do not parse numbers, dates, hyperlinks, etc.)

Create unique sheet name

() Open spreadshest after execution

0 Manual Selection (©) Wildcard/Regex Selection () Type Selection
Excude Incude

Y rter Y rter

S[Random(1)
|'8|Random(2) S| Universe_0_0
| 8|Random(3) | 8| Cluster Membership

For missing values write: By
selecting this option, you can
specify a string you want to g
substitute for missing values. If ——
the option is left unchecked, the
cells with missing values remain
empty.

oK Apply Cancel

Figure 3.4. Configuration window of the Google Sheets Appender.

3 node.
Write Raw (do not parse
numbers, dates, hyperlinks, etc):Values are written into the spreadsheet as-is ("'raw"), i.e.

they will not be parsed. For example, strings like =Ayperlink(‘example.com’, "example”)
will be parsed to hyperlinks if this option is unchecked.

Create unique sheet name: The node will create a unique sheet name based on the given
sheet name. (Example: Should 'SheetOne' already exist, the unique sheet name will be
'SheetOne (#1)")

Open spreadsheet after execution: Opens the spreadsheet after it has been written
successfully. The spreadsheet will be opened in the system’s default browser.

Exclude/Include columns: Uses a classic Include/Exclude frame to select the columns
that will be written to the sheet file.

Instead of appending a new sheet, we might want to update an existing one. For that, we use

the “Google Sheets Updater” node.
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Google Sheets Updater

The “Google Sheet Updater” node
enables us to write an input data table
to an existing Google sheet. It can
overwrite some or all of the content of
a sheet or append to the content of a
sheet. The dialog settings are the
same as in the “Google Sheets
Appender” node, with a few additional
options:

File

Settings  Flow Variables Job Manager Selection

Spreadsheet Settings

Spreadsheet:

Sheet: - Open in Browser...

[ SelectFirst Sheet

[JRange:

Write Settings

Add column header

Add row header

e Range:|f only part of the content
of a sheet is to be overwritten,
the relevant range can be
specified in A1 notation. The
size of the input table must not

(0] For missing values write:
Write raw (do not parse numbers, dates, hyperlinks, etc.)

(] Append to sheet

[[] Clear sheet befare writing

(") Open spreadsheet after exscution

exceed the size of the selected

© Manual Selection () Wikicard/Regex Selection

Indude

O Type Selection
Exclude

range, otherwise execution will T T
fail. s > | B o
[5]Random(3) o | 5] Cluster Membership
o Append to sheet: When this :
option is selected, the data table F— R
content will be appended to the
selected sheet. This means we o P Conce

append data to an existing sheet
pp 9 . Figure 3.5. Configuration window of the Google Sheets Updater
and do not add a new sheet into o

an existing spreadsheet as we did with the “Google Sheets Appender” node.

o Clear sheet before writing: When this option is selected, the sheet or the selected range
of the sheet will be cleared before writing. This deletes the content in the specified
sheet/range.

If you want to write the input data table to a new Google Sheets spreadsheet instead of
overwriting or appending data to an existing sheet, you can use the “Google Sheets Writer”
node.

Taken together, these nodes enable us to access and manipulate data in Google Sheets
through a KNIME workflow.
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Google Sheets Writer

The “Google Sheets Writer” node enables us to write data into a new Google sheet.
The configuration settings are the same as for the “Google Sheets Updater” node.

However, Spreadsheet and Sheet name cannot be selected from a dropdown menu of existing
spreadsheets but must be entered manually.

3.2. Accessing REST Services

Application to application communication is becoming more widespread. These methods of
communication between applications over a network are referred to as Web Services. Web
Services have been standardized as a means of interoperating between different operating
systems running different software programs in different programming languages.

Nowadays a number of web services are available, such as financial estimations, weather
reports, chemistry related data. This means that in many data related fields, tools and data
have been made directly available in the form of web services. Often it is enough to connect to
such web services and send the appropriate message request with the appropriate input data
to get the required information. Following the knowledge recycling principle, meaning that it is
better to use a tool available on the web rather than to re-implement it ourselves, we would like
to be able to connect to and run a web service inside any of our workflows. One very powerful
way to do this is using the REST Web Services nodes.

Web services that follow the REpresentational State Transfer (REST) architectural principles®
offer a robust and flexible way to access and manipulate textual representations of web
resources. Since version 3.2, KNIME Analytics Platform provides a category, named “REST Web
Services”, which contains nodes that enable the user to interact with REST services.

The “REST Web Services” category contains 6 nodes - “GET Request”, “POST Request”, “PUT
Request”, “DELETE Request”, “PATCH Request”, and “Webpage Retriever” — to deal with REST
operations. The “REST Web Services” category gets installed onto the “Node Repository” panel
through the REST Client Extension. As to install any KNIME Extension Package, select the “go
to Info page” icon at the top-right of the workbench:

e Select “Install Extensions”

3 Roy T. Fielding, Richard N. Taylor, “Principled design of the modern Web architecture’, Journal ACM Transactions
on Internet Technology (TOIT) Vol. 2 Issue 2, 115-150 (2002)
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e From the “Available Software” window, in the top box containing “type filter text”, type
“web”

o Inside “KNIME & Extensions” select the package called “KNIME REST Client
Extension”

o Click “Next”
o Follow the installation instructions

After the package has been successfully installed, you should find a category named “REST
Web Services” in the “Tools & Services” category in the “Node Repository” panel.

In order to show the potentialities of this “REST Web Services” nodes, we created two empty
workflows in “Chapter3” folder and we named them “GET Request” and “POST Request”.

The “GETRequest” workflow accesses the JSONPLaceholder API to retrieve fake post content
from fake user IDs. JSONPlaceholder API is a development test utility for developers to test
their requests to REST APIs. The request takes the form:

https://jsonplaceholder.typicode.com/posts?userId=<userID>

The value of parameter userlD has to be passed in the request message and the list of posts
with their content is returned with the response message in JSON format.

The list of required userlD is created in a Table Creator node. Then the REST request is built
using a “String Manipulation” node as:

join ("https://jsonplaceholder.typicode.com/posts?userId=", S$SuserIDS$S)
where SuserlD$ comes from the userID input column and contains the userlD values.

The "GET Request" node is introduced to submit the GET request to the REST server. The "GET
Request" node has 6 tabs in its configuration window:

e "Connection" contains all REST service settings, including the URL source;
e "Authentication" sets the authentication credentials, if required;

o “Proxy” allows to set proxy settings;

e “Error Handling” defines how to handle in case errors happen;

e “Request Headers" allows for customization of the request headers;

o “Response Headers" allows to interpret customized response headers.

When executed, the “GET Request” node sends all requests in batches of N, as defined in the
“Concurrency” setting, to the REST service specified in the URL parameter and presents the
subsequent response at its output port. The size of N can be specified in the Connection
Settings under Concurrency (Number of concurrent requests). The JSONPlaceholder API REST
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service does not require any authentication and therefore we selected option “None” in the
“Authentication” tab in the configuration window of the GET Request node.

The response is usually encapsulated in an XML or JSON structure, which needs to be
interpreted to extract the value(s) we were looking for, in our case the body and title values. If
the response is returned in XML format, you probably need to use the “XPath” node from the
“XML" category in the “Node Repository” to retrieve the values you are interested in. If the
response is returned in JSON format, you need to resource to one of the nodes in the “JSON”
category, including “JSON Path”, “JSON To XML", and especially “JSON to Table". In our
example, we used “JSON Path” and “JSON to Table” nodes. JSON Path is used to extract the
array of posts from the response JSON structure; while the JSON To Table node does all the
remaining parsing work for us, exposing at the output port all values contained in the input
JSON structure.

Workflow: GETRequest

This workflow connects to the JSONPLaceholder API to get fake posts written by fake users: https:/jsonplaceholder.typicode.com/posts

Use GET Request node to retrieve posts from REST
Service from JSONPlaceholder API
https://jsonplaceholder.typicode. com/posts?userld=

Table Creator String Manipulation GET Request JSON Path Column Filter Ungroup JSON to Tahle

i . - ] e .l e L e i L e i M S -

{eTe] ) ooe coe ooe (ofe] } (ofe] } {efe] )

List prepare request for send extract array remove ungroup extract

useriDs JSONPLaceholder requests of JSON structures  response body collcetion on posts
of interest API with userlD rows from JSON

responses

Figure 3.6. Workflow "GETRequest".
GET Request: “Configuration Settings” Tab

GET request URL(s) that are sent to a REST service is (are) identified either through one single
manually inserted fixed URL or through a list of dynamic URLs in an input data column.
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Two options in the “Connection” tab
respectively enable these two modes: “URL”
and “URL column”.

“Delay (ms)” and “Concurrency” both deal
with multiple requests. “Delay (ms)”
specifies a delay between two consecutive
requests, e.g. in order to avoid overloading
the web service. “Concurrency” allows for N
parallel GET requests to be sent, if the REST
service allows it.

The flags in the SSL section push for a higher
tolerance in security when checking the REST
host SSL certificates. When enabled, even if
some SSL certificates are not perfect the
returned response is accepted.

The flag “Follow Redirects” forces the GET
request to be redirected, if so specified in the
REST service.

File

Request Headers
Connection

Response Headers Flow Variables
Authentication

Job Manager Selection
Proxy

Memory Polcy
Error Handiing

(O URL: hittps://fjsonplaceholder. typicode..com/posts?userld=1
© URLcomn:  [S]REST Request -
(] Delay (ms):
Concurrency: s
ssL
(] Ignore hostname mismatches

([ Trust all certificates
Follow redirects
Send large data in chunks
Timeout (s) s

Body column: body =

oK Apply Cancel

Figure 3.7. Get Request node configuration. the
"Connecton” tab.

“Timeout” sets the number of seconds to wait before declaring a connection timed out.

“Body column” contains the name of the response column in the output data table.

GET Request: The Other Tabs

The “Authentication” tab sets the
authentication credentials, if required by the
REST service.

The node supports a number of
authentication methods, e.g. None, BASIC,
DIGEST, NTLM (Labs), or Kerberos.
Username and password can be provided
manually or via the Credentials Widget
node. As for the database nodes, workflow
credentials are automatically encrypted,
while manual typing of username and
password requires the definition of a Master

File

Flow Variables
Authentication

Response Headers
Connection

Job Manager Selection
Error Handing

Memary Policy

Proxy Request Headers

©OMore (OBasic (O)Digest () NTLM (Labs) () Kerberos Credential (input port)

oK Apply Cancel @

Figure 3.8. GET Request node configuration. the other tabs.

Key for the encryption process. The Master Key can be set in the “Preferences” page.
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In the “Proxy” tab, you can disable proxy, or set up your own proxy, if required.

When something fails in the REST service, the output data table will contain the rows with the
status of the requests. In some cases, we might desire the workflow to just stop and signal the
REST error. In this case, under the “Error Handling” tab we can enable “Fail node execution” or
“Output missing value” depending on the type of errors.

Every request being shipped off to a REST service may contain a header. By default, in the “GET
Request” node, requests are shipped with no header. However, custom request headers can be
defined in the “Request Headers” tab. A request header consists of many parameters and every
parameter consists of 3 fields: key, value, and kind. Three request headers have been pre-
loaded as templates: none, generic REST headers, and web page related headers.

The response object that comes back can also contain headers, at least the status of the
request and the content-type. Other headers can be imported if the flag named “Extract all
Headers” at the very top of the “Response Headers” tab is enabled. If you prefer not to extract
all headers from the response, but just some, you can set the key names one by one in the tab
table. The value associated with the keys will be extracted from the response object and placed
in a data column of the output table. The name of this data column is also set in the “Response
Headers" tab.

JSON Path

The "JSON Path" node parses a JSON structure via a custom query. In order to do that, it needs
the following settings in the configuration window:

e The input data column containing the JSON structures to parse

e The editor for the custom query.

e A flag to optionally remove the original JSON column from the output table
In the lower part of the configuration window a preview frame is available.

It is possible to interactively click JSON items in the preview frame and automatically define
the JSON custom parsing query.

The buttons above the preview frame allow to add/edit/remove the resulting custom JSON
parsing query into the editor.
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Settings Flow Variables Job Manager Selection  Memary Policy

Input
s
‘one body

(] Remove source column

Outputs

Qutput column JSONPath List Paths

Friul |5t @l 0
Add /e quer: Add collection query Add JSONPath Edit JSONPath Remove JSONPath t [

JSOM-Cell Preview

LA
2 "userId” : 1,
s gr
"title" : "sunt aut facere repellat provident occaecati excepturi optio reprehenderit”,
"body™ : "quia et suscipit\nsuscipit recusandae consequuntur expedita et cum\nreprehenderit r
£h {
7 "userId” : 1,
"id" o2,
"title" : "qui est esse”,
"bady™ : "est rerum tempore vitas\nsequi sint nihil reprehenderit dolor beatae ea dolares nec
L'h A
2 "userId” : 1,
"id" i o3,
oK Apply Cancel @
Figure 3.9. JSON Path node configuration.
JSON to Table

The "JSON to Table" node parses a JSON structure, extracts all values, and puts them in a
KNIME data table at the output port. In order to do that, it needs the following settings in the

configuration window:

The input data column containing the JSON structures to parse
Customized or default names for the data columns resulting from the parsing operation.

The structure of the resulting columns (it is good practice to keep the result as a collection
column, since we do not know a priori how many columns will result from this blind
operation).

The expansion level of the JSON structure (again, it is good practice to expand as little as
possible the original structure, since we do not know a priori how many levels it will
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The result at the output port is a KNIME data
table, containing the values from the REST
response, including the REST URL Request and
the Request Status.

The same post request to the JSONPlaceholder
APl REST service could be sent via POST
Request. “REST Web Services” category offers
the “POST Request” node to send POST
requests to a service.

As a practical example to illustrate the
functionality of the “POST Request” node, we
altered the previous workflow to send a POST
request to add a new ID to the object in the
request. The POST request is the same as the
previous GET Request. The associated
functionality is different. Thus, instead of having
a “GET Request” node, we introduced a “POST
Request” node.

The “POST Request” node submits a POST
Workflow: POSTRequest

This workflow connects to the JSONPlaceholder API to add a new ID to the object sent

Dialog - 3:277 - JSON to Table (extract) = O x

| File

Flow Variables Job Manager Selection  Memory Policy

Input JSON column

& or1 v
8 Remave source column

Qutput column names

() Use path with separator: |-

© Use leaf name {uniquified with (£1)/(£2)/...))

Arrays

() Keep as J50M array

© Keep as collection elements

() Expand to columns (may generate many)

Children Expansion

© Only leaves

(O Only up to level o

@ Onmit nested objects

oK Apply Cancel @

Figure 3.710. JSON to Table node configuration.

Table Creator

By >

String Manipulation

Use POST Request node to retrieve posts from
REST Service from JSONPlaceholder API
https://jsonplaceholder.typicode.com/posts?userld=
JSON Path

POST Request Column Filter

Ungroup

JSON to Table

D S e L i L e il ML S+ 8 3

ooe 00e coe coe ooe coe ooe

List prepare request for send extract array remove ungroup extract

useriDs JSONPLaceholder requests of JSON structures  response body collcetion on posts
of interest AP with userlD rows from JSON

Figure 3.71. Workflow "POSTRequest".

responses

request to the REST server. The "POST Request" node has 5 tabs in its configuration window:

e "Connection" contains all REST service settings, including the URL source;

e "Authentication" sets the authentication credentials, if required;

e “Proxy” allows to set proxy settings;

e “Error Handling” defines how to handle in case errors happen;
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e “Request Header” allows for customization of the request headers;

e “Request Body” to send the data to be transmitted through the POST request;

e “Response Header” allows to interpret customized response headers.

Similarly to the “GET Request” node, when executed, the “POST Request” node sends all
requests in batches of N, as defined in the “Concurrency” setting, to the REST service specified
in the URL parameter and presents the subsequent response at its output port. Depending on
the response format, XML or JSON, you can use either an “XPath” node or a “JSON to Table”
node. Here we used again a “JSON Path” and a “JSON to Table” node.

POST Request: “Connection” Tab

POST request URL(s) that are sent to
a REST service is (are) identified
either through one single manually
inserted fixed URL or through a list of
dynamic URLs in an input data
column.

Two options in the “Connection
Settings” tab respectively enable
these two modes: “URL" and “URL
column”.

“Delay (ms)” and “Concurrency” both
deal with multiple requests. “Delay
(ms)” specifies a delay between two
consecutive requests, e.g. in order to
avoid overloading the web service.
“Concurrency” allows for N parallel
GET requests to be sent, if the REST
service allows it.

The flags in the SSL section push for

Dialog - 3:282 - POST Request (send) — a X

File |

Response Headers Flow Variables Job Manager Selection Memary Policy |
i Authentication  Proxy  Reguest Body Error Handling Request Headers

3 https: /fjsonplaceholder. typicode com/posts

© URL column:  [S] REST Request ~
() Delay (ms): M=
Concurrency: 1k

S5L

() 1gnore hostname mismatches
O

| Trust all certificates

Follow redirects
Send large data in chunks
Timeout (s) 22

Body column: body v

oK Apply Cancel @

Figure 3.12. POST Request node configuration: the "Configuration
Settings" tab.

a higher tolerance in security when checking the REST host SSL certificates. When enabled,
even if some SSL certificates are not perfect the returned response is accepted.

The flag “Follow Redirects” forces the GET request to be redirected, if specified so in the REST

service.

“Timeout” sets the number of seconds to wait before declaring a connection timed out.
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“Body column” contains the name of the response column in the output data table.

POST Request: “Request Body” Tab

POST request(s) sometimes need a
body of data. The data for the | .
request body is passed via the

Response Headers Flow Variable:
"Request BOdy" tab in the Connection  Authentication  Proxy
configuration window of the “POST | © s wlmris conten:asbody | [§] rest Request
Request" node. © Use constant body

Dialog - 3:282 - POST Request (send) = a X

ger Selection Memory Policy |
Error Handling Reguest Headers

{
"post-title":"Editing a Takle"
"post-content™:"How do I access a MYSQL Dataabse?”

The request body can either be a
manually inserted fixed text or the
content of a data cell from the input
table. This is decided in the radio
button options “Use column’s
content as body” or “Use constant
body”.

If you need to connect to a SOAP
based web service via WSDL file, this
is also possible from within a KNIME oK Apply Canedd (9
workflow. Here you would need to
use the “Generic Web Service Client”
node.

Figure 3.13. POST Request node configuration: the 'Request Body"
tab.

3.3. Exercises

Exercise 1

Retrieve information about selected products from fakestoreapi using a GET Request. This
resource is a freely available repository of fake products, and all information can be retrieved
via REST services.

”

Before using the service, obtain a list of product categories from Google Sheet “Demo Data
and sheet “Products” as described in section 3.1.

Using this list, then use the following URL to access information for the specific products listed
in the Google sheet with:
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https://fakestoreapi.com/products/category/<product category>

Solution to Exercise 1

We first connect to Google Sheets using the sequence: “Google Authentication” node, “Google
Sheet Connection” node, and “Google Sheets Reader” node to retrieve the product category list
from the Google Sheet “Demo Data”.

We create the GET Request in a “String Manipulation” node as:
join ("https://fakestoreapi.com/products/category/", Sproductss$)
and execute it using the “GET Request” node.

The “JSONPath” node enables us to extract id and price for each product in the category. The
final result should be a table containing IDs and prices for the products in the selected
categories.

Workflow: Chapter 3/Exercise 1

This exercise is about using the Google Sheets nodes in conjunction with the Get Request node.

Retrieve information from the Fake Store APl using a GET Request. The Fake Store AP| is a free online REST API that you can use which contains emulated e-commerce
and shopping data

Before using the service, obtain the sheet named “Products” from a public Google Spreadsheet named “Demo Data”. This sheet needs to be copied inside your own
Google Sheets under the email account which you will use for the Google Authenticator node. The sheet can be found here:

Google Authenticator Google Sheets Connector Google Sheets Reader  String Manipulation GET Request JSON Path Ungroup
o = —u Bl m— —a [F] »— —> 5] »— —> —> O, »r— —> =L »
08. (e]e] ] o]e] ] (e]e] ] (e]e] ] (e]e] ] (e]e] ]
To authenticate, Given an API connection Sheet "Demo Data" has createtheurls  Request data from a website. extract products Ungroup to get
you must click the connects to Google Sheets  the spreadsheet "Products” You may need to set 1D and price row-wise records
"Login" button which contains a the timeout(s) configuration to 10.

short list of products

Figure 3.74. Solution workflow for Exercise 1.
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4.1. The Date&Time Type

P 1: KNIME data table ISl

# Row... Product country date quantity

amount

[T

D D D D DWW WD
z 5 & &6 B
3 E s E

L

Figure 4.1. The data table produced by the "Database_Operations" workflow implemented in chapter
2.

Let's now have a brief look at the data table resulting from any of the branches of the
“Database_Operations” workflow built in chapter 2. We have three columns of String type
(“product”, “date”, and “country”) and two columns of Integer type (“quantity” and “amount”).

However, the data column “date” contains the contract date for each record and should be
treated as a date type variable. KNIME Analytics Platform has indeed the following dedicated
data types for date and time data:

e Date
e Time
e Date & Time

e Date & Time with zone

Note. In very early KNIME Analytics Platform versions, a single Date&Time type was
available. This date type is still available as a legacy type (“Legacy Date&Time). In order to
convert from a “Legacy Date&Time" type to the new Date&Time type, you will need to use
the “Legacy Date&Time to Date&Time" node. The “Date&Time to legacy Date&Time” node
moves the data cell into the opposite format direction.
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Date&Time formats in KNIME are expressed by means
of:

e A number of “d” digits for the day

e A number of “M” digits/characters for the month
e A number of “y” digits for the year

e A number of “h” digits for the hour

e A number of “m” digits for the minutes

e A number of “s” digits for the seconds

e A number of “S” digits for the milliseconds

These dedicated digits combined together produce a
string representation of the date and/or time (with or
without time zone). The table below sh ows a few
examples for 3:34pm on the 21t of March 2011 in
Berlin.

The new Date&Time type carries a number of dedicated
nodes implementing a large variety of operations. A full
category “Other Data Types”/“Time Series” contains a

Nodes > Results =

Extract Date&Time

Fields Modify Date Date&Time Shift
[ = i G B
String to Date&Time to Create Date&Time
Date&Time Siring Range
> S » e O p O »
Date&Time Legacy Date&Time Date&Time to
Difference to Date&Time legacy Date&Time
> @ » > D1 > 3

UNIX Timestamp Mask Date/Time Date/Time Shift

to Date&Time (legacy) (legacy)
> e 3> > 22>
Date&Time-based Preset Date/Time String to
Row Filter {legacy) Date/Time...
> B e > 5 » > S >
Date Field
Extractor (legacy)
» @3y

Figure 4.2. Manipulation functionalities for

large number of nodes implementing Date&Time Date&Time objects.
manipulation functionalities.

Type: format String representation

Date: dd-MM-yyyy 21-03-2011

Date: MMM/dd/yyyy Mar/21/2011

Time: hh:mm 15:34

Time: ss.SSS 00.000

Date&Time: dd.MM.yyyy hh.mm.ss.SSS 21.03.2011 15:34:00.000

Date&Time: dd.MMM.yy:hh.mm 21.Mar.11:15.34

Date & Time with zone: ss.SSSyyyy-MM- | 00.0002011-03-
dd'T'HH:mmSVV'['zzzZ] 21T703:34+02:00[Europe/Berlin]
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4.2. How to produce a Date&Time Column

How can we generate a Date (or Time, Date & Time, Date & Time with zone) type data column?
There are many possibilities to do that. A “DB Reader” node, for example, automatically reads
a SQL timestamp field into a Date&Time column. Another possibility is to read in a String data
column, for example with a “File Reader” node, and then convert it into a Date&Time type. This
section explores the “String to Date&Time” and “Date&Time to String” conversion nodes.

String to Date&Time

The “String to Date&Time” node converts a String cell into a Date&Time cell according to a
given format. The configuration window requires :

The String column(s) containing the date/time objects to be converted. The column
selection is performed through an include/exclude column selection framework

The option for the resulting column to replace the original String column (“Replace
selected column” option) or be appended to the input data table (“Replace selected
column” option and suffix for appended new column)

The new column type (Date, Time, Date&Time, or Date&Time with zone) and locale to
express it

The Date format to be used. Here you can choose from a number of pre-defined
Date&Time formats available in the “Date format” menu; or you can edit the Date&Time
format manually; or you can let the node guess the Date&Time format through the button
“Guess data type and format”)

A check box that indicates whether reading errors are tolerated or not. If checked, the
node will fail on errors.

Note. All Date&Time nodes support multiple columns. Columns can be easily included or
excluded in the options using manual selection or wildcard/regex selection.
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Dialog - 0:28 - String to Date&Time (convert String) — m] X
File
Options  Flow Variables Job Manager Selection  Memary Policy
(@ Manual Selection () Wildcard/Regex Selection
Exclude Incude
S| product > S| date
| S| country
S| card
B >
<
<«
() Enforce exdusion (@) Enforce indusion
Replace/Append Selection
() Append selected columns Suffix of appended columns:  |date_time
(@) Replace selectsd columns
Type and Format Selection
New type: Date ~ Date format:  dd.MM.yyyy ~
Locale: |en-US ~ Content of the first cell: 12.12.2009
Guess data type and format
Abort Execution
Fail on errar
oK Apply Cancel ©)

Figure 4.3. Configuration window of the String to Date&Time node.

In order to show the tasks implemented by these and more nodes in the “Time Series” sub-
category, let's create a new workflow, to be named “DateTime_Manipulation”. In the newly
created workflow, we use a “File Reader” node to read the “sales.csv” file from the KALdata
folder. The “File Reader” node does not automatically assign the Date&Time type to date and
time values. It just reads them in as String. Before proceeding with more complex
manipulations, let's convert the “date” column from the default String to the Date&Time type by
using a “String to Date&Time” node. For that, after the “File Reader’ node, a “String to
Date&Time” node has been introduced to convert the “date” column from the String type to the
Date type according to “dd.MM.yyyy” format. In fact, the dates contained in the data column
“date” are formatted as “dd.MM.yyyy” and should then be read with that format.

In the configuration window of the “String to Date&Time” node, we also opted to replace the
original String column with the new Date&Time column.

After executing the node, the resulting data table should be as shown in the following, where
the data column “date” is now of Date type. The little icon showing a calendar and a clock
indicates a Date&Time type.
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» 1: Qutput table WF

tics

Row_.. Elroducl country

date

2223

quantity

amount card

Figure 4.4. Column 'date" after the conversion to DateTime with the String to Date&Time node.

Finally,
Writer”

we wrote the new data table with the Date Type column into a CSV file, with a “CSV
node. If instead of writing to a CSV file we want to save the new data table into a

database with a “DB Writer” node, we can make use of the type mapping framework to

efficiently map the desired date&time format.

Sometimes, in contrast, it might be  csvReader

necessary to convert a Date&Time column
into a String column. The “Date&Time to
String” node walks the data in the opposite
direction to the “String to Date&Time”
node. In the “DateTime_Manipulation”
workflow, we introduced a “Date&Time to
String” node to convert the Date&Time
column “date” back to a String type with
format “yyyy/MM/dd".

=1
(o]e] }

read file
sales.csv
in KALdata folder

Date&Time to String

String to Date&Time

e

column "date" to a
DateTime column

CSV Writer

ooe

5%

(9]
coe

write 1o
new_sales.csv file

convert String

\ Date&Time to String
AN i+
» 0% »
0oe
convert DateTime column

"date” back to a
String type column

Figure 4.5. The upper part of the "Date Time_Manipulation”

workflow.

The “Date&Time to String” node converts a Date&Time cell into a String object according to a

given Date&Time format. The configuration window requires:
[ )

The Date&Time type column(s) to be converted into String type

The option for the resulting column to replace the original String column ( “Replace

selected column” option) or be appended to the input data table (“Replace selected

column” option and suffix for appended new column)

The format to build the String pattern

A number of pre-defined Date&Time formats are available in the “Date format” menu

in order to create the required

@)
o The “Date format” box can be edited manually

Date&Time format, if the one you want is not available in the menu
o The locale to express the Date&Time object
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Dialog - 0:29 - Date&Time to String (convert DateTime column) - O x
File

Options  Flow Variables Job Manager Selection  Memory Policy

(®) Manual Selection () Wildcard/Regex Selection

Exdude Indude
Fiter Y riter
y date
»
<
<«
(®) Enforce exdusion () Enforce indusion

Replace /Append Selection

(O) Append selected columns Suffix of appended columns: | (String)

(®) Replace selected columns

Type and Format Selection

Date format: yyyy/ddMm v Locale: |en-Us ~
Preview: 2020/04/05

OK Apply Cancel \:E’

Figure 4.6. Configuration window of the Date&Time to String node.

Another way to create a Date&Time type column is to use the “Create Date&Time Range” node.
This node generates a number of equally spaced date, time, or date and time values. You can:

e set the number of values, the starting point in time, and the ending point in time, and
calculate the corresponding interval between values

e set the number of values, the starting point, and the interval size, and calculate the
corresponding end point in time

e set the interval, the starting point, and the end point and calculate how many values to
generate.

Create Date&Time Range

The “Create Date&Time Range” node creates a number of Date&Time values from a start point
in time to an end point in time. Values are equally spaced. This means that you set the number
of values, the start, and the end and determine the interval; or set the number of values, the
interval, and the start, and determine the end; or set the interval, the start, and the end, and
determine the number of points.
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The configuration window requires :

The output column containing the
new values: name and type

The starting and end points in
time. These two points will have
the same format as defined for
the new output column: just Date,
just Time, Date&Time, or
Date&Time with zone

One of the three strategies to
generate the values: a fixed
number of rows or a variable
number of rows.

o If you have selected a fixed
number of rows, also select
the starting point and then
the end point or the interval

o If you have selected a
variable number of rows,
then select the starting point,
the end point, and the
interval size. Interval size

File

Options  Flow Variables Job Manager Selection  Memory Policy

Qutput Settings
Qutput type: Date&time w~
New column name: Date&Time
Mode Selection
Number of rows: () Fixed: 3215
Q Variable
Starting Point
Start: Date: |2009-01-01 Time: |12:37:58 jl
Time Zone: Europe/Berlin
[ Use execution date&time
Ending Paint
Interval: M 1d
End: Date: |2011-01-01 Time: |13:37:58 il
(] Use execution date&time
oK Apply Cancel

Figure 4.7. Configuration window of the Create Date&Time Range

node.

can be either: time or date ISO-8601 based representation, short letter representation
(e.g. 2y 3M 1d"), or long word representation (e.g. '2 years 3 months 1 day')

o As a special for an end date, there is the current execution time. This can turn out to
be useful to generate timestamps.

ISO-8601 uses H for hours, m for minutes, s for seconds, d for days, M for months, y for years,
e.g. 2y 3M 1d' means an interval of 2 years 3 months and 1 day.

In the same workflow named “DateTime_Manipulation”, we introduced a “Create Date&Time
Range” node to generate n Date&Time type values between Jan 1,2009, 12:37 and Jan 1, 2011,
13:37 spaced equally spaced as 1 month and 1 day. The total number of rows generated by
this node was then 24.
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4.3. Refine Date&Time Values

To each one of these Date&Time values we decided to change time to 15:00. The node that
generally changes time is the “Modify Time” node. This node works only on time. It can append
a preset time value if none is present, change the current time value to a preset time value, or
remove the current time value in the data cell.

Now we could move all Date&Time values one day ahead. That is we would like to add +1 day
to all Date&Time values we have created. The node that adds and subtracts a duration from a
Date&Time value is the “Date&Time Shift” node. The duration can be expressed as a number
for a given granularity, like n days or k months, or as a duration value according to the ISO-8601
date and time duration standards.

Modify Time

The “Modify Time” node modifies
the time value in a data cell by:

Appending a preset time value

Changing current time value
with a preset time value

Removing current time value.

The configuration window requires:

The column(s) on which to
modify the time. Columns are

selected via an
Include/Exclude column
selection framework.

Whether to replace the

selected input column or to
create a new one to append to
the input data table

The modification strategy: “Append”, “Change”,

Dialog - 0:33 - Medify Time (add fixed time 15:00)
File

Options  Flow Variables Job Manager Selection Memary Policy

Exclude

Y Ater

»

<«

@ Enforce excusion

(@) Manual Selection () Wildcard/Regex Selection

Indude

Y FAter

Date&Time

Replace/Append Selection
(O Append selected columns  Suffix of appended columns: | (modified time)

(® Replace selected columns

Time Selection
(O Append time Time:
(®) Change time
(O Remove time Time Zo

1500:00

ne:  |Europe/Berlin

OK

Apply Cancel

Figure 4.8. Configuration window of the Modify Time node.

n ou

Remove”

In case of “Append” or “Change”, the preset time value

In case of “Append” also the time zone to associate to the new time value.
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Date&Time Shift

The “Date&Time Shift" node shifts
a Date&Time value of a defined
amount. The configuration window
requires:

The input Date&Time
column(s) to shift. Those are
selected via an
Include/Exclude framework.

Whether to create a new
Date&Time  column  and
append it to the input data
table or to replace the
selected input column. The
suffix for the appended
columns can be provided in
the text field to the right.

The shift value expressed as
duration or as number:

o Use Duration:

Duration column. Takes
the shift value from a
String input columns.

Dialog - 0:30 - Date&Time Shift (move all DateTime)

File

Options  Flow Variables Job Manager Selection Memory Policy

Exdude

@ Manual Selection () Widcard/Regex Selection

Y FAieer

(@ Enforce exdusion

»

<«

Indude

Y Atter

Date&Time

O Enforce indlusion

Replace/Append Selection
() Append selected columns
(@) Replace selected columns

Shift Value Selection
(O Use Duration

Duration column

Duration value

(@) Use Numerical

() Numerical column

@ Numerical value

Granularity Days

Suffix of appended columns:

(shifted)

Apply

@

Figure 4.9. Configuration window of the Date&Time Shift node.

Duration value. Adds/substracts this constant shift value. The String duration value
can be either an 1S0-8601 representation of date and time, a short letter
representation (e.g. '2y 3M 1d"), or a long word representation (e.g. '2 years 3 months
1 day')

Use Numerical:

Numerical column. Takes the shift value from a numerical input column. A positive
value will be added to the reference date or time, a negative one subtracted from it.

Numerical value. Adds/subtracts this constant shift value. In case “Numerical Value”
option is selected, Granularity defines the shift value granularity (day, hour, month,
week, etc...).

Positive and negative shift values are possible to move forward and backward in time.
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In this section we have shown on|y two Create Date&Time Range Modify Time Date&Time Shift
Date&Time nodes to change Date&Time O »— —> H —> 5>
values. There are many more. For 58 — e
example, similarly to the “Modify Time” generales a sequence of add fixed time 15:00 move all DateTime
node, a “Modify Date” and Modify Time S Ziiini I, T

Zone” node are available. ) . ) o
Figure 4.70. The lower part of the "DateTime_Manijpulation

The figure on the right shows the lower workflow.
part of the “DateTime_Manipulation”
workflow as developed in this section.

4.4. Row Filtering based on Date&Time Criteria

Let's dive deeper now into Date&Time manipulation. Very often a data analysis algorithm needs
to work on the most recent data or on data inside a specified time window. For example,
balance sheets usually cover only one year at a time; the results of an experiment can be
observed inside a limited time window; fraud analysis runs on a daily basis; and so on. This
section shows a number of row filtering operations based on date/time criteria.

The most common Date&Time based data selection is the one extracting a time window. This
kind of data row filtering requires setting explicit initial and final date/time objects. Only the
data rows falling inside this time window are kept, while the remaining data rows are filtered
out. The “Date&Time-based Row Filter” node performs exactly this kind of row filtering based
on the explicit definition of a time window.

In order to show practically how such time based filtering criteria can be implemented, we used
the “File Reader” node to read the “sales.csv” file from the KALdata folder in a new workflow,
named “DateTime_Manipulation_2". After the “File Reader” node, a “String to Date&Time"” node
converted all String type dates to Date&Time objects. Then a “Date&Time-based Row Filter”
node was introduced to select all sales that happened in a pre-defined time range. For the time
range we used “2009-01-01" and “2011-01-01". We set these dates as starting and end points,
respectively, in the configuration window of the “Date&Time-based Row Filter” node and we
obtained a data set with 37 sales data rows at the output port, covering the selected 2-year
time span.

Date&Time-based Row Filter
The “Date&Time based Row Filter” node implements row filtering based on a time window

criteria. In fact, it keeps all data rows from the input data table inside a pre-defined time
window.
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The configuration window requires :
e The input Date&Time column to which the filtering criterion should apply
e Thetime window, i.e.:
o The time window starting point, in terms of date and/or time

o Thetime window end point, in terms of date and/or time. It is possible to assign the
end of the time window using a duration formatted String (according to 1SO-8601
date and time duration standards) or a numerical value with its granularity (days,
months, ...)

o Execution time can be used as a starting point and as an end point for the time
window

o The “Inclusive” flag includes the extremes or the time window in the filter criterion.

Let's suppose now that the year 2010 was a troubled year and that we want to analyze the data
of this year in more detail. How can we isolate the data rows with sales during 2010? We could
convert the “date” column from the Date&Time type to the String type and work on it with the

Dialog - 6:31 - Date&Time-based Row Filter (filter rows between) - O X
File

| Flow Variables Job Manager Selection  Memory Policy

Column Selection

Date&Time Column:  [57] datedate_time

Date&Time Selection

Start:

Date: |2009-01-01 Tme: (171327 = Now
Time Zone:  Europe/Berlin
Indusive [ Use execution date&time
End: | @oDate&Time pate: (20110101 Time: [17:13:27 =] Now

() Duration
- Time Zone:  Europe Berlin
() Numerical
[ Use execution date&time

Inclusive

oK Apply Cancel @

Figure 4.71. Configuration window of the Date&Time-based Row Filter node.
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String Manipulation node. There is, of course, a much faster way with the “Extract Date&Time

Fields” node.

The “Extract Date&Time Fields” node decomposes a Date&Time object into its components. A
date can be decomposed into year, month, day number in month, day of the week, quarter to
which the date belongs, and day number in year. A time can be decomposed in hours, minutes,

seconds, and milliseconds. Here are some examples:

Extract Date&Time Fields

Date Year | Month Month Day | Week day Week day Quarter | No of day in
(no) (text) (no) (text) year

26.Jun.2009 | 2009 | 6 June 26 | 6 Friday 2 177

22.Sep.2010 | 2010 | 9 September | 22 4 Wednesday 3 265

Time Hours | Minutes | Seconds | Milliseconds

15:23:10.123 | 15 23 10 123

04:02:56.987 | 4 2 56 987

The “Extract Date&Time Fields” node extracts the components (fields) of a Date&Time object.
The configuration window requires:

e Column Selection. A Date, a Time, a Date Time, or a Zoned Date Time column whose fields
to extract.

e Date Fields. Pick and choose which fields to extract (year, week, hour, time zone name ...)

e Thelocale. This sets the locale to express the output Strings

Note. The “Extract Date&Time Fields” node is particularly useful when combined with data

aggregation nodes (“GroupBy”, “Pivot”,

etc.)
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File

ns Flow Variables Job Manager Selection  Memory Policy

Column Selection

Date&Time column datedate_time -

Date Fields Time Fields
Year Hour |
([ Year {(week-based) Minute .
[ Quarter Second
[CI Month (number) Subsecond in miliseconds

rEn () Time Zone Fields
() week Time zone name:
() Day of year Time zone offset
Day of month
[ Day of week (number) |
Day of week {name)

Localization (month and day names, etc.)

Locale en_US w

QK Apply Cancel @

a

Figure 4.12. Configuration window of the Extract Time Window node.

In the “DateTime_Manipulation_2" workflow, we introduced an “Extract Date&Time Fields” node
after the “Date&Time-based Row Filter” node. The configuration settings were set to extract
year, month (name), day of week (name), and day number in the month from each Date&Time
cell in the column named “datedate_time”.

The month and the day of week can be represented numerically, from 1 for January to 12 for
December and from 1 for Sunday to 7 for Saturday, or as text strings with the full month and
weekday name. We selected a text result for both the month and the day of week component.
The data table at the output port, thus, had 11 columns, 4 more than the original 7 columns.
The 4 additional columns are: “Year”, “Month”, Day of month”, and “Day of week (name)”.

In order to isolate the 2010 sales, we added a “Row Filter” node after the “Extract Date&Time
Fields” node in the “DateTime_Manipulation_2" workflow to keep all rows with “Year” = 2010.
The resulting data table had all rows referring to sales performed in 2010. Similarly, we could
have summed up the sale amounts by month with a “GroupBy” node to investigate which
months were more profitable and which months showed a sale reduction across the 2 years,
2010 and 2011. Or we could have counted all sales by weekday to see if more sales were made
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on Fridays compared to Mondays. The decomposition of date and time opens the door to a
number of pattern analysis and exploratory investigations over time.

Let's suppose now that we only want to work on the most recent data, for example on all sales
that are not older than one year. We need to calculate the time difference between today and
the sale date to exclude all rows with a sale date older than one year. The “Date&Time
Difference” node calculates the time difference between two Date&Time values. The two
Date&Time values can be:

e two Date&Time cells on the same row,

e one Date&Time cell and the current execution date/time,

e one Date&Time cell and a fixed Date&Time value,

e orfinally one Date&Time cell and the corresponding Date&Time cell in the previous row.

The time difference can be calculated in terms of days, months, years, etc., even milliseconds.

Date&Time Difference

The “Date&Time Difference” node calculates the time elapsed between two Date&Time values.
The configuration window requires :

e The input column to use for the first Date&Time values
e The second Date&Time value, that is:

o another Date&Time value in the same data row (Use “second column” option). In this
case the name of the second column is required.

o the current date/time at execution (Use “current execution date&time” option)

o afixed date/time (Use “fixed date&time” option). In this case the fix Date&Time value
is required.

o the Date&Time cell in the previous row in the same column (Use “previous row”
option)

e The output options:
o Granularity to output the difference in number of days, months, years, etc.

o Duration to express the difference as date-based or time-based duration, according
to ISO-8601 date and time duration standards

o Name of the output column
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File

Options  Flow Variables Job Manager Selection Memary Policy

Base column

Date&Time column  [] datedat=_tme

Calculate difference to

(O second column
() current execution date&time
(O fixed datedtime

© previous row

Qutput options

© Granularity Days

() Duration

New column name: |time diff

oK Apply Cancel

Figure 4.13. Configuration window of the Time Difference node.

In the “DateTime_Manipulation_2" workflow, we connected a “Date&Time Difference” node to
the “File Reader” node to calculate the time elapsed between today (“Current execution
date&time” option) and the Date&Time values in the “date” column, i.e., to calculate how long
ago the sale contract was made. We selected “month” for the granularity of the time difference,
i.e., the measure of how old a sale is, is expressed in number of months. The resulting
differences were appended to a column named “time_diff”. Sales older than one year had a
“time_diff” value larger than 12 months. We then used a “Row Filter” to filter out all rows where
“time_diff” > 12 months.

Another interesting application of the “Date&Time Difference” node is to calculate the time
intervals between one sale and the next. This is helpful to see if the sale process improves with
time or after some special event, for example some marketing initiative. In this case we need
to sort the sale records by sale date with a “Sorter” node. The “Sorter” node can manage
Date&Time types and can sort them appropriately. After that, we use a “Date&Time Difference”
node, and we configure it to calculate the time difference between the sale date in the current
row and the sale date in the previous row in terms of days. The resulting column “time_diff”
contains the number of days between one sale and the previous one. A simple line plot of the
“time_diff" column can give us interesting insights into the dynamics of the sale process.
Notice that we used two nodes: the simple Line Plot node and the Line Plot (Plotly) node. They
perform the same task, i.e., they plot a line for the data. However, the Line Plot (Plotly) node
integrates the line plot from the Plotly libraries.
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4.5. Moving Average and Aggregation

In the “Other Data Types”/“Time Series”/"Smoothing” sub-category you also find a node that is
more oriented towards time series analysis rather than just Date&Time manipulation: this is the
“Moving Average” node.

The “Moving Average” node calculates the moving average* on a time series stored in a column
of the input data table. The moving average operates on a k-sample moving window. The k-
sample moving window is placed around the n-th sample of the time series. An average
measure is calculated across all values of the moving window and replaces the original value
of the n-th sample of the time series. Then the moving window moves over to the next (n+7)-th
sample of the time series, and so on.

A number of slightly different algorithms can produce slightly different moving averages. The
differences consist of how the moving window is placed around the n-th sample and how the
average value is calculated. Thus, two parameters are particularly important for a moving
average algorithm:

e The position of sample n inside the k-sample moving window

e The formula to calculate the average value of the moving window
The moving average algorithm is called:

e Backward, when the n-th sample is the last one in the moving window

e Center, when the n-th sample is in the center of the moving window (in this case size k
must be an odd number)

e  Forward, when the n-th sample is at the beginning of the moving window
e Cumulative, when the whole past represents the moving window; in this case is n=k

e Recursive, when the new value of the n-th sample is calculated on the basis of the (n-1)-
th sample

4 NIST/SEMATECH, “e-Handbook of Statistical Method's”,
(htto.//www.itl.nist. gov/div898/handbook/pmc/section4/pmc4.htm)
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If v(i)is the value of the original sample at position i inside the k-sample moving window, the
algorithm to calculate the average value for the n-th sample can be one of the following:

Algorithm Formula Notes
simple
average avg(n) = £ Tk ov(D)
measure
Where w(i) is a
gaussian Gaussian centered
weighted - ) ) around the nth
average avg(n) =i~ Tizo W) - v(D) sample, whose
measure standard deviation
is &2
4
The harmonic mean
i avg(n) = —=r—— can only be used for
h
ar;ngz::lc i strictly positive v(i)
. k=1
i:ov(““’7) values and for a
center window.
simple avg(n) = EMA(v,n) = «-v(n) + (1 — a) - simple_exp (n — 1) Where: a = ﬁ and
exponential simple_exp (0) = v(0) v =v(n)
double
exponential avg(n) = 2 - EMA(v, ) — EMA(EMA(v, n), n)
triple
expolrpl)ential avg(n) = 3EMA(v,n) — BEMA(EMA(v,n),n) + EMA(EMA(EMA(v,n),n),m)
Where: « =— and
k+1
backward_simple(n)
old avg(n) = EMAbackward(v,n) is the fSimphle
i average of the
exponential =a-v(n) + (1 — ) - backward_simple(n — 1) moving window with
the n-th sample at
the end.

Based on the previous definitions, a backward simple moving average replaces the last sample
of the moving window with the simple average; a simple cumulative moving average takes a
moving window as big as the whole past of the n-th sample and replaces the last sample (n-th)
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of the window with the simple average; a center Gaussian moving average replaces the center
sample of the moving window with the average value calculated across the moving window
and weighted by a Gaussian centered around its center sample; and so on. The most commonly
used moving average algorithm is the center simple moving average.

Moving Average

The “Moving Average” node calculates the moving average of one or more columns of the data
table. The configuration window requires:

e The moving average algorithm

e The length of the moving window in number of samples

e The flag to enable the removal of the original columns from the output data table
e The input data column(s) to calculate the moving average

The selection of the data column(s), to which the moving average should be applied, is based
on an “Exclude/Include” framework.

e The columns to be used for the calculation are listed in the “Include” frame on the right

e The columns to be excluded from the calculation are listed in the “Exclude” frame on the
left

To move single columns from the “Include” frame to the “Exclude” frame 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.

A “Search” box in each frame allows searching for specific columns, in case an excessive
number of columns impedes an easy overview.

Note. If a center moving average is used, the length of the moving window must be an odd
number. The first (n-1)/2 values are replaced with missing values.
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Dialog - 2119 - Moving Average (center simple) — m} *
File

Options  Flow Variables  Job Manager Selection  Memory Policy

Type of Moving Average: |Center simple ~
Window Length |11
[] Remove original columns

Exclude r Indude
Y Ater Y Atter

| |amount 3 | | quantity

»

<«

oK Apply Cancel I:E’Z-

Figure 4.74. Configuration window of the Moving Average node.

In the “DateTime_Manipulation_2" workflow we applied a “Moving Average” node to the output
data table of the “File Reader” node. The center simple moving average was applied to the
“quantity” column, with a moving window length of 11 samples. A “Line Plot” node placed after
the “Moving Average” node showed the smoothing effect of the moving average operation on
the “quantity” time series (Figure 4.16).

The “Moving Aggregation” node extends the “Moving Average” node. Indeed, it calculates a
number of additional statistical measures, besides average, on a moving window. In the
configuration window you need to select the data column, the statistical measure to apply, the
size and type of the moving window, and a few preferences about the output data table
structure. Many statistical and aggregation measures are available in the “Moving Aggregation”
node. They are all described in the tab “Description” of the configuration window.

Moving Aggregation
The “Moving Aggregation” node calculates statistical and aggregation measures on a moving
window. The “Settings” tab in the configuration window requires:

e The statistical or aggregation measure to use

e The input data column for the calculation

e The type and size of the moving window
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e Checkboxes for the output data table format
e The checkbox for cumulative aggregation

A second tab, named “Description”, includes a description of all statistical and aggregation
measures available for this node.

Dialog - 2:23 - Moving Aggregation (cumulative sum) - o x
File

Settings Description  Flow Variables  Job Manager Selection Memory Policy
General settings
Window type
Forward ) Central (+) Backward | Windowlength |5 Resolve missing values for incomplete windows

Cumulative computation [[]Remove aggregation columns []Remove retained columns

Aggregation settings
Manual Agaregation  Pattern Based Aggregation Type Based Aggregation

Available columns Select To change multiple columns use right mouse dick for context menu,

Column Aggregation (dick to change) ~ Missing  Parameter
Sum
Standard deviation

~

add >>

isum of logs
ISum of squares

Unique concatenate

Unique concatenate with count
Unique count

Variance

add all >

<< remove

v

<< remove all

Maximum unique values per group | 10,000 -3 Value delimiter |, Column naming | Aggregation method (column name)

oK Apply Cancel @

Figure 4.15. Configuration window of the Moving Aggregation node.

Note. Selecting data column “amount”, aggregation measure “mean”, window type
“Central”, and window size 11, the same output time series is generated as by the “Moving
Average” node as configured above.

Finally, when checking the “Cumulative computation” checkbox, the “Moving Aggregation”
node uses the whole time series as a time window and performs a cumulative calculation. The
most common cumulative calculation is the cumulative sum used in financial accounting for
year to date measures.
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In the “DateTime_Manipulation_2" workflow, we added a “Moving Aggregation” node to the
output data table of the “File Reader” node. The cumulative sum was calculated for the
“amount” data column, over the whole time series. The plot of the resulting time series is
obtained through a “Line Plot” node.

\/ \/\UVL/AV//\/\ UAW

— T T T T T T T T
2009 t 2010 - I t 201

~@- quantity MA(quantity)

Figure 4.76. Moving Average effect on time series ‘quantity’.

f—/—’/_lf

© 2009 A L et 2010

~@- Sum{amount

Figure 4.77. Cumulative Aggregation of time series "amount".

Note. The “Fast Fourier Transform (FFT)"” node implements the Fast Fourier Transform of

a signal. The node is part of the “Al.Associates Signal Processing Nodes” extension under
“KNIME Community Contributions — Other”.
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Workflow: DateTime_Manipulation_2

In this workflow we use some more Date&Time manipulation nodes and plot the results:

Moving Average and Moving Aggregation
FFT

Extracting data rows falling in a time window (Date&Time-based Row Filter)
Extracting fields (day, year, hour, etc...) from Date&Time columns
Calculating a time difference with a DateTime value in the previous row

Date&Time Operations

Date&Time Difference Row Filter GroupBy
-+
> @O > > Fr
coe coe ooe
number of number of
|J months to today months =12 / count rons
I‘ / by weekday
Date&Time-based Row Filter  Exiract Date&Time Field Date&Time Difference Line Plot
I lir’ (ool } ooe (ele] } [ele] ]
’I‘ |" filter rows between extract year, \ time difference in # plot amount
| ‘ 01.01.2009 and month, day days with value in previous row by date
01.01.2010 day of week \
CSV Reader String to Date&Tiry/ ‘ ay ofwee \ Row Filter
n—b o) >~\ ‘I >
(oe] ) goe \ |‘ ooe
\
sales.csv convert sale date \ || year=2010
into a DateTime object | T

\ Sorter /
(ofe] ]
sort date
ascending

Moving Average and Moving Aggreg
Maving Aggregator

ation

Line Plot

,»{»—»E

cumulative sum
of amount

Moving Average

oce

plot cumulative sum
of amount by date

Line Plot

L |

00® oCce
center simple plot amount
maving average by date

on quantity
(window length = 11)

Figure 4.18. The "DateTime_Manipulation_2" workflow.
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4.6. Time Series Analysis

KNIME Analytics Platform also offers some components for time series analysis. All of them
rely on one simple node: the Lag Column node. The Lag Column node is the key node for time
series analysis.

Lag Column

The Lag Columnnode copies a data column x(%) Dialog - 0:11:24 - Lag Column (create) - 0o x
and shifts it: n times 1, 2, ..., n step each time or | fi
onetime Only p StepS down. It can work in three Configuration Flow Variables Job Manager Selection  Memary Palicy

different ways, producing:
. Column tolag || | | no visitors ~
e one copy shifted p steps x(1), x(t-p) g
Lag 1=
e n copies, each shifted 1, .. n steps resp. Laginterval 7k
X(t), X(t'1 ), eeey X(t'n) [] skip initial incomplete rows
e n*p copies, each shifted p*(1, ..n ) steps M
X(1), x(t-p), x(t-p*2), ... x(t-p*n)
Where p is the “Lag Interval” and n the
OK Apply Cancel (2)

“Lag” value.

The data column to shift, the Lag, and the Lag Figure 4.79. Configuration window of the Lag Column
. T de.

Interval are then the only important foae

configuration settings required.

Two more settings state whether the first and last incomplete rows generated by the shifting
process have to be included or removed from the output data set.

Note. If the column values are sorted in time ascending order, shifting the values up or down
means shifting the values in the past or in the future. Vice versa if sorted in time descending
order.

Other nodes, dedicated to the analysis of time series, can be found in the KNIME Examples
space on the Community Hub in the 00_Components > Time Series folder, and the Lagnode is
now also a part of KNIME Base nodes. This folder hosts some special nodes, named
components, each one implementing one of the many steps required in time series analysis.
Some of these components rely on Python libraries and therefore they require setting up the
KNIME Python extension. We will see more about components in the next chapter. For now,
however, it is enough to know that they behave as regular nodes. To create an instance of the
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node, just drag & drop them from the KNIME Community Hub into the workflow editor. Then
configure their settings via the usual configuration window, and finally execute them. They will

[Home > 00_Components > T\meSenes] ":"

“

B ARIMA Learner

T ARIMA Predictor

S—.q; Aggregation Granularity

Gk Analyze ARIMA Residuals
gg Auto ARIMA Learner

B Auto-SARIMA

B  Decompose Signal

Gk  Discrete Wavelet Transform (DWT)
S—:; Fast Fourier Transform (FFT)
B Forecast Horizon

B  Inspect Seasonality

f%  Remove Seasonality

B Return Seasonality

B SARIMA Learner

G SARIMA Predictor

gg Spark Lag Column

B Timestamp Alignment

Figure 4.20. The "00_Components/Time Series" category on the public EXAMPLES Server.
present the results at their output port.

When you create a component in your workflow, this is just a link to the component template
residing in the KNIME Examples space. Every time you open the workflow, with this link to the
component, you will be asked if you want to look whether a new version of this same
component has been uploaded to the repository in the meantime.

Notice the node “Aggregation Granularity” for time aggregation, the node “Inspect Seasonality”
to extract the lag value for the dominant seasonality in the input time series; the node “Remove
Seasonality” feeding from the Lag Value of the node “Inspect Seasonality” and removing the
seasonality for that lag, the node “Return Seasonality” to rebuild the predicted signal from the
residual predictions, the “ARIMA Learner” and “ARIMA Predictor” nodes to train an ARIMA

76



Chapter 4. Date& Time Manipulation

model and to apply it respectively. Keep an eye on this folder, because it is being constantly
filled with new and updated nodes.

As an example, in the workflow “Time_Series_no_flowvars”, we read the file “website.txt” from
the KALdata folder containing the daily number of visitors to a website. We want to predict the
next day's number of visitors given the number of visitors in the past N days, for N=3, 5, 7.

Workflow: Time_Series_no_flowvar

on the Community Hub.

se the Linear Regression, but any other numerical prediction algorithm would have

Dealing with Seasonality
Inspect Seasonality
°
.
>
° Tralning and Testing
Preliminary steps Lag Value
CSVReader  clean and sorttime series Partitioning Remove Seasonality Reshape data Lag Column  Linear Regression Learner Line Plot
L) > i
oo » f 1 L
& RIS = N SR, e K »E
—_— > ea >
° g ooe ° o g e
daily number 4 ake from Lag Value ;
of visitors the top a7 X(t) e a0)
“allow for shortlines” ’
must be enabled
Remove Seasonality Reshape data Lag Column Regression Predictor  Numeric Scorer
> 23
>. > > U » -n > >
»> L ) >
L L L e Rebuilding the signal
Lag Value
=7 X(1), x(t-lag) ™ Return Seasonality Return Seasonality Line Plot

>
-
»>
o

on predictions

>
| g
q
.

Figure 4.21. The "Time_Serfes_noflowvars" workflow.

After reading the data, we clean up the dataset and we order it by date in ascending order. After
that, we partition the data. Notice that, in order to avoid data leakage, data partitioning for time
series is performed from the top: the past is for the training set and the future is for the test
set. They should not mix. After these preliminary steps, let’s start to deal with seasonality.

Seasonality and trend are a big issue in time series analysis, since can make the work too
complicated for the upcoming predictive algorithms. It is good practice to detect the
seasonality in the time series and, if any, to remove it before training the model. The component
“Inspect Seasonality” calculates the AutoCorrelation Function(ACF) for lagged copies of time
series through the Pearson Correlation for lags between 0 and a maximum lag, using a pre-
define lag step. It then detects the first local maximum of correlation for sign of dominant
seasonality, if any above the cut-off value defined in the node settings. The node produces, at
the output port, the sequence of local ACF maxima and their corresponding lag value. The lag
value for the highest maximum in this sequence is the lag for the dominant seasonality.
Additionally, the component produces an interactive view that displays the Autocorrelation
Function (ACF) Plot and Partial Autocorrelation Function (PACF) Plot.
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From the list of ACF maxima in the output data table of the “Inspect Seasonality” component,
we see the highest local maximum at lag = 7. Let's remove this seasonality then from the
original column “no visitors”. To do that we apply the “Remove Seasonality” component to input
column “no visitors” and lag value 7. Notice that the seasonality index was calculated just on
the training set and that the seasonality was removed from both the training time series and
the test time series. The output table of the “Remove Seasonality” component contains the
original data column and the same data column without seasonality.

A

\ A \
/\/\"’\/A“ V,_,/\\ Y, \,J ‘_\/\/r-\/ _/\V-\‘/\L_\ A f___,_,f—«—-\'\

~

-~ Prediction (no visitors) (original)

Figure 4.22.Original time series (green) vs. predicted time series (blue) using N=3, 5, 7 previous
samples.

After removing the seasonality, we finally train the model. We could train and test an ARIMA
model with the ARIMA Learner and the ARIMA Predictor nodes. We could also pair a machine
learning regression algorithm with the Lag Column node to train the model on the past N
samples of the series to predict the next sample in the series. We trained a Linear Regression
model with N= 3, 5, and finally 7 past samples to predict the value of the sample in the time
series. Finally, the model is evaluated with a Numeric Scorer node.

To investigate visually how well the predictions of the time series values worked, we reinserted
the seasonality in both the time series “no visitors” that had been de-seasonalized earlier on
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and into the predictions. Above you can see the line plots of the original time series and the
predicted time series when using N=3, 5, and 7 samples.

Of course, it is not necessary to calculate the seasonality lag and then manually insert it into
the “Remove Seasonality” component. This can all be done automatically using the flow
variables, as we will see in the next chapter.

4.7. Exercises

Create a workflow group “Exercises” under the existing “Chapter4” workflow group to host
the workflows for the exercises of this chapter.

Exercise 1

e Add arandom date between 30. Jun. 2008 and 30. Jun. 2011 to the first 170 rows of the
“cars-85.csv” file;

e Remove the time;
e Write the new data table to a CSV file;

e If you consider the newly added dates as sale dates and the values in the “price” column
as sale amounts, find out which month and which weekday collects the highest number
of sales and the highest amount of money.

Solution to Exercise 1
The rows generated by the “Time Generator” node are only 170. The “Joiner” node is then set

with a “left outer Join” to keep all rows of the “cars-85.csv” file. The “CSV Writer” node writes a
file named “date_time_ex2.csv”.
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Workflow: Chapter 4/Exercise 1

This exercise is about applying some Date&Time Manipulation nodes.

CSV Reader
B oy
— \ Joiner
T
cars-85.csv 1*‘ K
Create Date&Time Range "
(ool )
Q> on RowlD
left outer join

(e]e] ]

Add a sale date to 170
car data rows.
Sales dates are

between 30.Jun.2008
and 30.Jun.2011

Exercise 2

e Import the “date_time_ex2.csv” file produced in Exercise 1;

CSV Writer
00®
Missing Value Modify Time .
> date_time_ex2.csv
T R fo be used
—> ? —> ‘ ‘
| Jb in exercise 2
oRe [e]e] ]
rm rows with rm times Date&Time-hased Row Filter

because they
are all 12:00

missing values

oce

Exiract data rows
falling in time window
30.03.2009 - 30.03.2011

Figure 4.23. Exercise 1. The workflow.

L . o

GroupBy

e

oce

Extract Date&Time Field

# cars sold and
sum(amount) of
money made by Month

ocoe

GroupBy
extract year,
month, day .
day of week > :- d
(o] }

# cars sold and
sum(amount) of
money made by Weekday

¢ Isolate the data rows with “date and time” older than one year from today (in the workflow
solution today’s date was “06.Apr.2011");

e Calculate the amount of money (“price” column) made in each sale date (“date and time”

column);

e Apply a moving average algorithm to the time series defined in the previous exercise and

observe the effects of different sizes of the moving window.
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Solution to Exercise 2

Workflow: Chapter 4/Exercise 2

Read file date_time_ex2.csv. Apply moving average to sales trend of last 12 months.

This exercise applies two moving averages with different window size and compares them visually using a line plot.

Moving Average Column Renamer
L
> & ts ™

00® [o]e] }

CSV Reader Calc Time Difference GroupBy /Center simple” moving average Joiner Line Plot
- on column "sum(price)" with > | o
r-n 1 ~—_
E_. R R L e :- moving window size of 11 samples + § ﬁ
L-Jd
(o]e] ) (o]e] }
ooe L8 Moving Average Column Renamer
date_time_ex2.csv by DateTime 2 ?nnnsmlr? 1wocr(r)1rclx1\fizrge;\?eerage
i i - A
This file was genergled in > {' »— —» Vs lines vs date
Chapterd/Exercisel ’
(e]e] ) (e]e] )

"Center simple” moving average
on column “sum(price)" with
moving window size of 21 samples

Figure 4.24. Exercise 2: The workflow.

= N N\

Ju 2009 Ju 2010 Ju 201

———

-@- MA(Sum(price))_11 MA(Sum(price))_21

Figure 4.25. Plots of the original time series, after a center simple moving average on 11 samples, and after a center
simple moving average on 21 samples.
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Dialog - 0:23:24 - Date&Time Difference (calculate the) - [m] X
File

Options  Flow Variables Job Manager Selection Memory Policy

Base column

Date&Time column  [57] Date and time «

Caloulate difference to

() second column
(®) current execution date&tine
(O fixed date&time

() previous row

Qutput options

(®) Granularity Days
(7 Duration

New column name;  date&time diff

oK Apply Cancel ©)

Figure 4.26. Settings for the "Date& Time Difference” node
in “Calc Time Difference” metanode.
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5.1. What is a Flow Variable?

In KNIME Analytics Platform it is possible to define external parameters to be used throughout
the entire workflow: these parameters are called “Workflow Variables”, or shortly “Flow
Variables”, and can be string, integer, double, arrays, or Path values. Flow variable values can
be updated during each workflow execution though dedicated nodes and features. Therefore,
such parameters can be used to avoid manually changing settings within the nodes of a
workflow when a new execution with different settings is required.

Let's create a workflow group called “Chapter5” to host the workflows implemented in the
course of this chapter. Let's also create an empty workflow named “Flow_Vars” as its first
example workflow. First thing, we read the “sales.csv” file from the KALdata folder, then we
convert column “date” from type “String” to type “DateTime”, and finally we apply the
Date&Time-based Row Filter node to filter the rows with “date” between “01.Jan. 2009” and
“01.Jan. 2011".
Dl'alog.-3:?;—“‘R|:-r;ﬂ-|-:i\ter. ) ) - N O *
File

\ﬂ Flow Variables  Job Manager Selection Memary Palicy

Column value matching
Column to test: |I| quantity ~
filter based on collection elements
Matching criteria
© use pattern matching

| o
2 ~
© Indude rows by attribute value -
¢ [ case sensitive match [ contains wild cards

[ regular expression

() Exdude rows by attribute value
() Include rows by number

() Exdude rows by number

- () use range chedkin
() Indude rows by RowID - g <
() Exdude rows by RowID Iy ek

upper bound:

() anly missing values match

QK Apply Cancel @

Figure 5.1. The configuration window of the Row filter node to find the sales
records where exactly 2 items have been sold.
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On the remaining rows, we want to find all those sales where a given number of items
(“quantity” column) has been sold. For example, if we look for all sales, where 2 items have
been sold, we just use a Row Filter node using “quantity = 2" as a filtering criterion (see
configuration window above).

Now, let’'s suppose that the number of sold items we are looking for is not always the same.
Sometimes we might want to know which sales sold 3 items, sometimes which sales sold 10
items, sometimes all we need to know is which sales sold more than n items, and so on. In
theory, at each run we should open the Row Filter node and update the filtering criterion. But
this is a very time-consuming approach, especially if more than one Row Filternode is involved,
and it is not well suited to a remote workflow execution on a KNIME Business Hub.

We can parameterize the pattern matching in the row filtering criterion by using a flow variable.
In this example, we could define a flow variable as an integer with name “number items” and
initial (default) value 2. We could then change the matching pattern in the filtering criterion in
the Row Filter node to take on the flow variable value rather than the fixed number set in the
configuration window. That is, we would like to have a filtering criterion like quantity =
“number items” ratherthan quantity = 2. At each workflow execution, the value of the
flow variable can be changed to retrieve only those sale records with the newly specified
number of sold items.

The following sections explore how to create and use flow variables.

5.2. Creating a Flow Variable

Flow variables are created locally inside the workflow and are available only for the
downstream nodes in the workflow. To create flow variables, you have the following
possibilities:

e Convert a table row into flow variables
e Export a node configuration as flow variable
e Use Configuration and Widgetnodes
e Combine or modify existing flow variables
Let's have a look at the different options in the following.

Suppose that we do not know the matching pattern for the filtering criterion ahead of time. In
other words, the matching pattern becomes known only during the workflow execution. Hence,
we need to create the flow variable “on the fly". In our case, the flow variable will be created,
and its value will be assigned as soon as it becomes know.
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Transform a Data Value into a Flow Variable

Let's imagine that we want to analyze only the sale
records of the country with the highest total number of
sold items. To find out the total number of sold items QU search all nodes

for each country, in the “Flow_Vars” workflow, we =
workow Conral
connect a GroupBy node to the output port of the

Nodes > Results = v

Date&Time-based Row Filternode. The GroupBynode is e el T
set to group the data rows by country and to calculate = RS Y
the sum of values in the “quantity” column. A Sorter P e

. . “ . " ariable Merge Variables ariable
node sorts the resulting aggregation by “sum(quantity) :Df‘. o . j v M.
in descending order. Thus, the country reported in the v *" i

first row of the final data table is the country with the Varlable toTable  Math Formula

Column (Variable) Java Edit Variable

highest number of sold items. N> o e ox'e
q Oy =l
On another branch in the WOI’kflOW, a Row Filter node Extract Variables Inject Variables Java Edit Variable
. “ - (Data) (Data) (simple)
should retain all data rows where “country” is that N R *E oM.
+ -+ sl
country with the highest number of sold items, as ¢
reported in the first row of the output data table of the redentiss erabes " Database)
o [ |
Sorternode. *sVe Loe im

> .

Depending on the selected time window, we do not s
know ahead of time which country has the highest m Ve

number of sold items. Therefore, we cannot assign the
country name to a flow variable before running the
workflow. We should first find that country, then
transfer it into a flow variable, and finally use it to
execute the Row Filter node. The node that transfers data table cells into an equal number of
flow variables is the Table Row to Variable node. The Table Row to Variable node is located in

the category “Workflow Control” > “Variables”.

Figure 5.2. The nodes in the “Workflow
Control” category that deal with flow
variables.

The “Workflow Control” category contains nodes that help to handle the data flow in the
workflow. In particular, the sub-category “Variables” contains a number of utility nodes to deal
with flow variables from inside the workflow, such as to transform data cells into variables and
vice versa.

The Table Row to Variable node takes a data table at the input port (black triangle), transforms
the data cells into flow variables, and places the resulting set of flow variables at its output port
(red circle).
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Table Row to Variable

The Table Row to Variable node requires the following
settings:

e a handling strategy if the field to be transformed
into a variable has a missing value. Such strategy
can be drastic, such as:

o fail the node execution or
o omit the creation of the variable

o or can be more tolerant and keep the node
running and still create the desired flow
variable. It just fills it with a fictitious value,
such as a fixed string value, or a number fixed
value

e the selection of the input fields to be transformed
into flow variables. This is achieved as usual via
an exclude/include frame.

Going back to the “Flow_Vars” workflow, we isolated
the “country” data cell of the first row in the output data
table of the Sorter node, by using an additional Row
Filternode to keep the first row only and a Column Filter
node to keep the “country” column only. The resulting
data table has only one cell containing the name of the
country with the highest number of sold items. This
one-cell data table was then fed into a 7able Row to
Variable node and therefore transformed into a flow
variable named “country”.

B ' Dialog - 3:67 - Table Row to Variable (create I...

Output as variables

Output as variables

Q. Search

Excludes Includes

«

country

Missing Values

If value in cell is missing

Use defaults

Default string

Default boolean

Default integer

Default long

Default double

>

Cancel

ok

Figure 5.3. Configuration window of the Table

Row to Variable node.

Note. The output port of the 7able Row to Variable node is a red circle. Red circle ports
carry flow variables either as input or as output. The node creates as many flow variables
as input columns, each flow variable carrying the name of the original input column. Also,
it only works on the first row of the input data table. If more than one row is presented to
the node, the newly created flow variables will take the values available in the first row of

the corresponding input columns.
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The list of flow variables available after the 7able Row to Variablenode can be seen by selecting
the last item of the node context menu. This view contains the flow variables available for
subsequent nodes. This includes all previously defined flow variables plus all the flow variables
created by the Table Row to Variable node itself.

The view shows the new “country” variable with value “USA” for this execution run and the
“RowlID” variable which was also created by the 7able Row to Variable node.

® 1: Variables Connection & Flow Variables

Count: 3 [© Open in new window
Owner 1D Data Type Variable Name Value
367 StringType caountry USA
3:67 StringType RowlD Row3

StringType knime.workspace CiUsers\elisabeth richter\KNIME\knime-workspace

Figure 5.4. Flow Variables available in the workflow "Flow_Vars" after the Table Row to
Variable node.

Export a Node Configuration as a Flow Variable

Let's suppose now to have a data table containing
some values about specific countries. We simulated | Fi-

that table W|th a Tab/e Creator nOde Wlth JUSt one Flow Variables Job Manaaer Selection Memorv Policy
. . Table Creator Settings
column of values for the desired country (see figure : :
. . Input line:
on the right). The column name is the country name. [\ | cermany
We would like to extract all data rows for that country | [re 100

from the original input data table from file sales.csv. | —
We should then use the column name as a matching | [
pattern in the Row Filter node. It is actually possible
to transfer the value of any configuration setting into - - R—

pply ance @

the value of a new flow variable.

The “Flow Variables” tab in each configuration Figure 5.5. The Table Creator node configuration
window shows two boxes close to each setting window. the ‘Settings"tab.

name. One is the menu combo box that is used to overwrite the setting value with an existing
flow variable, the other box is a textbox and implements the opposite pass. That is, it creates a
new flow variable named according to the string in the textbox and containing the value of the
corresponding configuration setting.

In the Tabl/e Creatornode, the column name is actually a configuration setting. So, in the “Flow
Variables” tab of its configuration window, we found the setting “columnProperties” > “0” >
“ColumnName” which corresponds to the column name of the column number O in the
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configuration window of the Table Creator. We then decided to transfer this setting value into
a new flow variable named “var_country” () by filling the second textbox with the desired flow
variable name.

Dialog - 3:56 - Table Creator (create new flow) - = x

File
Table Creator Settings Flow Variables  Job Manager Selection  Memory Policy

rowIndices I
columnIndices .
values -
rowIdPrefix v
rowIdSuffix v
lI‘ rowldStartValue
highlightOutputTable -
B"E columnProperties

=70

[ Usersetvalues w

MissValuePattern v
FormatParameter -
ReadPossValsFromFile -
SkipThisColumn v

-[87] Columniiame ~ |||var_country

-[?] ColumnClass

oK Apply Cancel @

Figure 5.6. The Table Creator node configuration window: The “Flow
Variables” tab.

If we now check the output data table of the Table Creator node and we select the “Flow
Variables” tab, we see a new flow variable named “var_country” with value “Germany”, exactly
the name of column 0 in the 7able Creatornode.

P 1: Manually created table & Flow Variables
Count: 2 @ Open in new window
Oowner ID Data Type Variable Name Value
3:56 StringType var_country Germany
StringType knime.workspace C:A\Users\elisabeth.richter\KNIME\knime-workspace

Figure 5.7. Output Flow Variables of the Table Creator node in the "Flow._Vars"
workflow.
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Configuration & Widget Nodes to Create Flow Variables

Another way to create a flow variable in the middle of a
workflow is to use a Configuration node. Configuration
nodes are located in the category “Workflow ‘ Q. search
Abstraction” - "Configuration”, can create flow

Nodes > Results T

variables, and provide interactive forms for a variety of
tasks. The simplest Configuration nodes to generate . T Contematio
flow variables are Boolean Configuration, Double e & e Ry e
Configuration, Integer Configuration, and  String (.. . integer Value Selection
Conf/guratl'on [:mmguratinn [:ormguratinn CI)I'IfIgLII’a[iﬂH
‘e ° B
Configuration nodes can create a flow variable of a . .
e . . Local File Browser Column Selection Column Filter
specific type, with a name and a value. Since they do no Confiquration Configuration Configuration
processing, they need no input. Thus, these nodes have L iR e 4 g
no input and just one output port of flow variable type Nominal Row Double Boolean
d . | Th | h th k d f Filter... Configuration Configuration
(red circle). ey also share the same kind o . > N % e
configuration window, requiring: the name and the
default value of the flow variable to be created,  “immeion”  commmon  Coponston
optionally some description of the flow variable = = >ike
purpose, and an explanation label to help the user for Repository File
the assignment of new values. C"g""‘
»>

Let's have a look again at the example workflow

“Flow_Vars” and particularly at the Row Filternode. We ~ Fgure 5.8. The simplest ‘Configuration”
can use a Configuration node to create a flow variable nodes to generate flow variables.
containing the number of sold items for the filtering criterion called “num_items”. This flow
variable must be of type Integer to match the values in data column “quantity”. Hence, we use
an /nteger Configurationnode and configure is so that it produces a flow variable of type Integer
named “num_items”. We set the default value to 2.

The Boolean Configuration node, the Double Configuration node, and the String Configuration
node are structured the same way as the /nteger Configuration node, with the only difference
that they produce flow variables of type Boolean, Double, and String respectively. For example,
if we now want to write the results of the filtering operation to a CSV file and if we want to
parameterize the output file path by using a flow variable of type String, we could use a String
Configuration node.

Configuration nodes can be assembled inside a component, which is a special type of
metanode. The component would then acquire a configuration window requiring the values of
the flow variables generated within it. You can learn more about that later on in this chapter.
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Integer Configuration

The /nteger Configuration node creates a
new flow variable of type Integer, assigns a
default value to it, adds it to the list of
already existing flow variables, and presents
it at the output port.

Its configuration window requires:

A label. This label will help the user
when updating the flow variable values
via the configuration window of the
component

An optional description of the purpose
of this flow variable

The flow variable name. This will also
be used as parameter name for

File

Control  Flow Variables  Job Manager Selection

Label:

Description:

Parameter Variable Name:
Minimum:
Maximum:

Default Value:

Insert number of items:

This value is used to extract the data
rows with a certain number of sold items.

num_items

L
] 100

| [ar] (4w

A Value overwritten by dialeg, current value:
2

oK Apply Cancel 'i‘_}

Figure 5.9. Configuration window of the ‘Integer

Configuration” node.

external identification, for example when running the workflow in batch mode

The flow variable default value

An integer range (Minimum and Maximum) to verify and accept valid values

5.3. Flow Variable Values as Node Settings

Once a flow variable has been created, it can be used to overwrite the settings in a node
configuration window. In our example, in the workflow named “Flow_Vars”, the flow variable
“country” overwrites the value of the matching pattern in the filtering criterion of the Row Filter
node.

In the configuration window of some nodes, a “Flow Variable” button is displayed on the side
of some of the settings. For example, you can find it in the Row Filter node, in the “matching
criteria” panel for the “use pattern matching” option, to the right of the “pattern” textbox (see
figure below).
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Dialog - 3:55 - Row Filter (Filter all rows with country) = [m] X
File

F” Flow Variables Job Manager Selection Memory Policy

Column value matching
Column to test: @ country ~
filter based on collection elements
Matching criteria

© use pattern matching

USA

© Indude rows by attribute value
(] case sensitive match (] contains wild cards |

[ regular expression

() Exdude rows by attribute value

() Indude rows by number

() Exdude rows by number

_ () use range checking

() Indude rows by RowID

() Exdude rows by RowID o et
upper bound:

() only missing values match

A\ The "Pattern” parameter is controlled by a variable.

oK Apply Cancel @

Figure 5.70. The "Flow Variable" button in the configuration window of the
Row Filter node.

The “Flow Variable” Button

The “Flow Variable” button allows you to use the value of a flow variable to overwrite the value
of the corresponding node setting.

By clicking the “Flow Variable” button, the “Variable Settings” window opens and asks whether:
e The value from an existing flow variable should be used for this setting. If yes, then:
o Enable the “Use Variable” flag
o Select one of the existing flow variables from the menu

o The value of the selected flow variable now defines the value of this setting at
execution

OR

e A new flow variable should be created with the current value of this node setting. In this
case:

o Enable the “Create Variable” flag
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o Provide a name for the new flow variable

o Anew flow variable with the selected name and with that setting value is created and
made available to all subsequent nodes in the workflow

In the “Flow_Vars” workflow, we selected the existing ' @

flow variable “country” — created in section 5.2 - to '
overwrite the value of the pattern matching setting in the [s7] country «|

Row Filter node named “country = "country” via pattern
matching criterion”. 8

You can check which flow variables are available at a | X Cancel

given point in a workflow by selecting the “Flow Figure 5.71. The "Variable Settings" window.
Variables” tab in the Node Monitor. The “Flow Variables”
tab contains the full list of flow variables, with their current values, available for that node.

The “Flow Variables” Tab in the Configuration Window

Not all configuration settings display a “Flow Variable” button. The “Flow Variable” button has
been implemented for only some settings in some nodes. A more general way to overwrite the
value of a configuration setting through the value of a flow variable involves the “Flow
Variables” tab in the node’s configuration window. To access the “Flow Variables” tab, open
the configuration window of a node and select the “Flow Variables” tab.

Dialog - 3:55 - Row Filter (Filter all rows with country) = a x
File

Filter Criteria Flow Variables  Job Manager Selection  Memary Palicy

= IE‘ rowFilter

| 8" RowFiter_TypelD v

IE‘ ColumnMame £

include w

deepFiltering ~

CazeSensitive £

[IE‘ Pattern IE‘ country i ]
hasWildCards ~

B -- isRegExpr b

oK Apply Cancel C‘

Figure 5.12. The “Flow Variables” tab in the configuration
window of the Row Filter node.
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The “Flow Variables” tab allows to overwrite each of the node configuration settings with the
value of a flow variable. Find the desired configuration setting and open the menu on the right
containing the list of available flow variables. Then simply select the respective flow variable
to overwrite the setting. At execution time, the node will assign the value of the selected flow
variable to that setting.

After defining the value of a configuration setting by means of a flow variable, a warning
message, characterized by a triangle, appears in the lower part of the configuration window.
The simple goal of this message is to warn the user that this particular parameter is controlled
by a flow variable and therefore changing its value manually within the configuration window
will be ineffective. In fact, if a configuration setting value has been set through a flow variable,
the flow variable value will always overwrite the current setting at execution time.

Dialog - 3:55 - Row Filter (Filter all rows with country) - [m] X
File

3| Flow Varizbles Job Manager Selection Memory Policy

Column value matching
Column to test: [ §] country ~
fitter based on collection elements
Matching criteria
© use pattern matching

UsA E

| contains wild cards

O Indude rows by attribute value

() Exclude rows by attribute value (] case sensitive match |

| reqular expression

() Indlude rows by number L

() Exclude rows by number

_ () use range checking
() Indlude rows by RowID -

() Exclude rows by RowID farboid:

upper bound:

) only missing values match

@ The "Pattern” parameter is controlled by a variahle.]

oK Apply Cancel @

Figure 5.13. The warning message indicating that a particular
parameter is controlled by a flow variable.

In order to make effective the manual change of the parameter value, the user needs to disable
the flow variable for this setting. This can be obtained by either disabling both options in the
“Variable Settings” window accessible through the “Flow Variables” button (Figure 5.11), or by
selecting the first empty option in the combo box menu in the “Flow Variables” tab of the
configuration window.

Note. In rare cases, it is still possible that some settings are not accessible even through
the “Flow Variables” tab.
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Inject a Flow Variable through the Flow Variable Ports

At this point, in our example workflow, we have four flow variables to feed a possible Row Filter
node:

e “country” which contains the name of the country with the highest number of sold items

e ‘“var_country” which contains the name of the country in the reference table from the
“Table Creator” node

e “num_items” generated by the “Integer Configuration” node.
root:72

Let's concentrate for now on the flow variable “country”. This flow variableis e
at the output of the 7able Row to Variable node. How do we make a Row Filter Row Filter
node aware of the existence of this new flow variable? How do we connect ) —
the 7able Row to Variable node to the Row Filternode? We need to insert,or — * > >
inject, the new flow variables back into the workflow, to make them available 60e

for all subsequent nodes. Figure 5.14. The

All KNIME nodes have visible data ports and hidden flow variable ports which 70w variable ports
become visible

become visible when you hover over the node with your cursor (two red circle ..., pover
ports on the top). We use these flow variable ports to inject flow variables over the node with
from one node to the next or from one workflow branch to another. the cursor.

Note. There are two flow variable ports: one port on the left to import flow variables from
other nodes and one port on the right to export flow variables to other nodes.

In order to inject flow variables into a node, connect the output variable port of the preceding
node to the input variable port (i.e., the left one of the two flow variable ports) of the current
node.

The “Flow Variables” tab in the Node Monitor contains the full list of available flow variables
and after injecting a new flow variable the list should include the newly created flow variable as
well as the flow variable that existed beforehand.

The flow variables injected into a node are only available for this and the subsequent nodes in
the workflow.

Note. Flow variable injection becomes necessary only when we need to transfer a flow
variable from one branch of the workflow to another or when we need to connect a flow
variable output port to the next node. In all other cases, new flow variables are automatically
transferred from one node to the next through the data flow (black triangle ports).

In “Flow_Vars” workflow, we first introduced a Row Filter node after the Table Row to Variable
node. Then, we connected the flow variable output port of the Table Row to Variable node to
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the input variable port (i.e., the flow variable port on the left) of the Row Filternode. As a result,
the flow variable named “country” became part of the group of flow variables available to the
Row Filternode and to the following nodes in the workflow. Finally, we configured the Row Filter
node to use the pattern matching filter criterion and the value of the flow variable “country” as
the matching pattern.

Note. Flow Variable ports can also be used as a barrier point to control the execution order
of nodes, i.e. nodes connected through a flow variable line will not start executing until all
upstream nodes have been executed.

Merge Variables

Sometimes we might want both flow variables, “country” and “var_country”, to be available to
a Row Filter node. In this case, we need to first merge the two (or more) flow variables from
different branches of a workflow before injecting them into the following node. This can be
done with the Merge Variables node.

The Merge Variables node merges flow variables into one stream. If flow variables with the
same name are to be merged, the standard conflict handling is applied: the topmost inputs
have higher priority and define the value of the post-merging variable. This node needs no
configuration settings.

5.4. Configurations, Widgets, Components

Let's go back to that part of the “Flow_Vars” workflow that used a Configuration node (an
Integer Configuration node) to overwrite the value of the upper and lower bound of the range
checking criterion in the Row Filternode. Let's add here a second Configuration node, a String
Configuration node, to define the name of the output CSV file where to write the row filtering
results.

Often workflows become quickly too crowded with too many nodes. In order to clean up the
workflow and collect together nodes belonging to the same logic unit, metanodes can be
introduced. Metanodes are nodes containing other nodes. To create a new metanode from a
set of existing nodes, select the nodes of interest, then right-click and select option “Create
metanode”. The metanode is automatically created including all selected nodes and with the
right number of input and output ports. Double-clicking a metanode opens its content.

An evolution of a simple metanode is a component. A component is a building block that can
have sophisticated dialogs and composite views. It can be created by selecting the nodes of
interest, right-clicking and selecting the option “Create component”.
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e Ctrl-double-click on a component opens its content.

e If a component contains one or more Configuration nodes, it acquires a configuration
window, that is, the option “Configure” in the component context menu becomes active.
The configuration window is filled with the textboxes and menus from the Configuration
nodes in it.

e Similarly, if a component encloses JavaScript views, they become visible as composite
view of the component.

A component limits the input and output of flow variables in and out of the component. This
vacuum environment is useful against the quick proliferation of flow variables. Content
isolation ensures safer coding inside the component with lower risk of mixing up flow variables
and their values. It is still possible to import or export a flow variable into or out of a component,
if we set this explicitly.

In the workflow “Flow_Vars” we enclosed the /nteger Configuration node and the String
Configuration node into a component named “Filter data rows and write results to output file”.
Ctrl+Double-click accesses its content (Figure 5.15).

« Extract data rows with <N> quantity (sold products)

« Write results to <output file>
« <N>and <output file> selected in GUI from Quick Form nodes and exported as flow variables

Integer Configuration String Configuration String to Path (Variable)
- Je—0 o
folo] ] 00® ooe A Civ Writer
creating local "-‘ create output create path variable _,,.rfpﬂ
flow var num_items | path as string 7
\ coe
\ write to file
Component Input . Row Filter e with url as <output_path> Component Output
—e
| S > % - —
(o]o] ] (e]e] } (o]o] ]

quantity = <num_items>
via "range checking” criterion

Figure 5.15. “Integer Configuration” and "String Configuration” nodes inside a component
to define the row filtering criterion and the output file path.

You can see two gray nodes: the Component Input and the Component Output node. The
Component Input and the Component Output nodes in the component have a configuration
window. Double-clicking them opens their configuration window, which offers an
Include/Exclude framework to allow flow variables to enter or exit the component.
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Dialog - 0:49:0:37 - Component Input - u] X
File
Configuration ' Flow Variables Job Manager Selection  Memory Policy
Choose variables from workfiow to be visible inside the Companent
(®) Manual Selection () Wildcard/Regex Selection
Exclude Include
[1° number items > No variables in i fist
»
£
«
() Enforce exclusion (®) Enforce indusion
[[] Add prefix to all variables: outer.
0K Apply Cancel @

Figure 5.16. Configuration window of the “Component Input” node in the
component shown in Figure 5.75.

The component, shown in Figure 5.15, containing an /nteger Configuration node and a String
Configuration node, produces the configuration window in Figure 5.17, requiring the output file
path and the integer value for the flow variable “num_items” controlling the Row Filter node.

Dialog - 5:49 - Filter data rows and write results to cutput file (Extrac...  — m] * |

File

| 0 ﬂS Flow Variables Memory Policy  Job Manager Selection

Insert number of items: |

output flename:

knime: /fknime.workflow/../.. [KALdata /configuration_outfile.csv

— |
oK Apply Cancel @
|

Figure 5.17. Newly acquired configuration window of the
component containing the "Integer Configuration” node and the
'String Configuration”node. The box to enter integer values
comes from the Integer Configuration node. The textbox to
insert the file path comes from the String Configuration node.

Note. Unlike meta-nodes, double-clicking a component leads to its configuration window
and not the sub-workflow.
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Another way of creating a new flow variable in a component is via the Widget nodes. Similar to
the Configuration nodes, they reside in the category “Workflow Abstraction”. Also, here we find
dedicated Widget nodes for different types of flow variables such as Boolean Widgets, String
Widgets and Integer Widgets. The key difference to the Configuration nodes is that Widget
nodes alter the view of a component (composite view) and not the configuration window. When
running on a KNIME Business Hub, each component produces a web page displaying the same
view as in the composite view of the component. We will talk about Widget nodes later in this
chapter.

5.5. Transform a Flow Variable into a Data Value

Sometimes it is necessary to use the flow variable values as data values. To transform flow
variables into data cells, we can use the Variable to Table Rownode. The Variable to Table Row
node mirrors the 7able Row to Variable node. That is, it transforms a number of selected flow
variables into cells of a data table.

Variable to Table Row

The Variable to Table Rownode transforms selected flow variables at the input port (red circle)
into cells of a data table at the output port (black triangle). The configuration settings require
the selection of the flow variables to be included in the output data table through an
include/exclude panel.

The output data table contains two columns:
e One column with the name of the flow variable;
e The second column with the flow variable values at execution time.

In our example workflow, “Flow_Vars”, we connected a “Variable to Table Row” node to the
“Table Row to Variable” node, in order to perform the opposite operation and transform all
current flow variables into data cells.
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Dialog - 4:65 - Variable to Table Row - m} X
File

Variable Selection  Flow Variables Job Manager Selection  Memory Palicy

RowID
Row name |values
Variable Selection
(®) Manual Selection (C) Wildcard/Regex Selection
r Exclude r Indude
|5_°| RowID > Ii.l country
|5_°| knime. workspace ||_'| number items
»
<
<«
() Enforce exdusion (®) Enforce indusion
oK Apply Cancel @

Figure 5.18. The configuration window of the Variable to Table Row node.

5.6. Modifying Flow Variable Values

For the country with the highest number of sales, we now want to restrict the analysis scope to
only those records with a high value in the “amount” column. This requires an additional Row
Fiflter node implementing a filtering criterion on “amount” > x, where x is the threshold above
which an amount value is declared high.

Let's suppose that different thresholds are used for different countries. For example, an
amount is considered high for a sale in USA if it lies above 500; it is considered high in other
countries if it lies above 100. In one case, we should set x = 500 and in the other cases
x = 100. Therefore, the threshold x cannot be set as the static value of a global flow variable.
Indeed, the flow variable value needs to be adjusted as the workflow runs.

There are a number of nodes dedicated to modifying the values in flow variables. They all mirror
existing nodes operating on data tables, like Java Snippet, Math Formula, Rule Engine, and
String Manipulation. The only difference of the variable edition with respect to the data edition
of these nodes consists in the input/output ports. The nodes operating on data get data as
input and produce data as output. The corresponding nodes operating on variables get
variables as input and produce variable as output. Besides that, the node configuration
windows mimic the configuration windows of the corresponding nodes working on data.
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To complete our example workflow “Flow_Vars”, we
have added a few nodes for variable value
manipulation.

A “Rule Engine Variable” and a “Java Edit Variable” both
implement the task of creating the varying threshold x,
that is equal to 500 if variable “country” value is “USA”
and to 100 otherwise.

A “String Manipulation Variable” node transforms the
content of flow variable “country” from just the country
name to “Country: <country name>". At the same time,
a “Math Formula Variable” node doubles the value of
flow variable “number items”.

Note. The type of the returned flow variable has to
be consistent with the return type of the Java/Rule
Engine/Math Formula/String Manipulation code.

Nodes > Results = Y
‘ Q search all nodes
Workflow Gortrol v
Table Row to Variable to Table string
Variable Row Manipulation...
rF e oS o'l e
Table Column to Rule Engine
Variable Merge Variables Variable
L]
> (e Jihe oL e
Variable to Table Math Formula
Column (Variable) Java Edit Variable
O =
Y » o1 e o e
>
Exiract Variables Inject Variables Java Edit Variable
(Data) (Data) (simple)
>
e V.o o e
L ]
Variable to Rule Engine Inject Variables
Credentials Variable... (Database)
e e 9 Y. e . Y m
> L
Extract Variables
(Database)
mYe

Figure 5.79. Nodes modifying values in flow
variables. These nodes mimic the
corresponding nodes working on data. That
/s, same configuration window, but variable
input and output ports rather than data ports.
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Dialog - 0:60 - Rule Engine Variable (creating 2 new flow variable x) - m] X
File
Rule Editor  Flow Variables Job Manager Selection Memary Policy
Flow Variable List Category Description
[s7] country Al v
[s*| RowD
[i¥] number items Fr=n
|8"| knime. workspace | [7 <7 ~
P <=2
2=?
e
ER
2AND ?
B
ILKE?
7 MATCHES ?
20R?
2XOR?
FALSE
NOT ? &
Expression
7| L // enter ordered set of rules, e.g.:
7| 2 // $${0double varigble name}$$ > 5.8 => "Large”
7| 3 // $8{Sstring column name}$$ LIKE "*blue®™ => “small and blue”
7| 4 // TRUE => "default outcome™
1| 5 $%{Scountry}$$ = "USA" => 580
1| & TRUE => 180
New flow variable name|x [1]
< >

OK Apply

Cancel

@

Figure 5.20. Configuration window of the "Rule Engine Variable" node to create a

flow variable named "x" with value 500 if flow variable "country”is set to "USA" and

700 otherwise.

Dizlog - 0:54 - Java Edit Variable (creating a new flow variable x) - o X
File
Java Snippet | Additional Lbraries  Additional Bundles Templates Flow Varizbles Job Manager Selection  Memory Policy
Create Template
Flow Variable List 1@// system imports @
13 Your custon Imports:
[s7 RowD
[s7 country ysten variables
] knime. workspace: Vour custom variables:
[ number items int quantity = lee;
expression start
77 Enter your code here:
32 String s = new String(v_country);
34 if (s.equals("USA"))
35 quantity - 508;
37 out_x = quantity; |
40
41
42
43@ // expression end
6 v
Tnput
Flow Varizble: Java Type Java Field Add
country string v_country
Remove
Qutput
Replace Flow Variable KNIME Type JavaType Java Field Add
x int Integer out_x
1 Remove
Run only on execution
oK Apply Cancel @

Figure 5.21. Configuration window of the 'Java Edit Variable" node to create a flow
variable named "x" with value 500 if flow variable "country” is set to "USA" and 100

otherwise.
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Note. Even though all these “... Variable” nodes have an input port for flow variables, this
port is often optional. That is, the nodes can also work without input, which makes them
ideal nodes to start a workflow without reading data.

Workflow: Flow_Vars

This workflow explores creation, manipulation, and usage of local and global flow variables

From Data to Variables and Back Modifying Values in Flow Variables
Variable to Table Row Rule Engine Variable

B> Lo

Country with highest °
sum(quantity) Table Row to Variable

> &g e~
Java Edit Variable

Ne

CSV Reader DateTime Pre-processing Ke
[ st |

> >
3

Row Filter
@

Row Filter
©

> s>

sales.csv

Math Formula (Variable)

0
3 e

e
Row Filter a
°

< g i e s
. . . ‘numbe *
Creating and using local Flow Vars with Configuration Table Creator Merge Variables ® e
nodes [ o

String Manipulation (Variable)

Filter data rows and write results &) 9 e country =
>

+
10 output file country in table

° ) " e

Figure 5.22. The final workflow in “Chapters/Flow._Vars”.

5.7. More Configuration Nodes and Widget Nodes

In the remaining part of this chapter, we would like to explore some of the many options offered
by the nodes in the “Workflow Abstraction” category and the possibility to build composite,
complex, and organized views in components. In this section we concentrate on the nodes in
the “Configuration and “Widgets” category.

In the previous sections of this chapter, we have encountered two Configuration nodes: the
Integer Configuration node and the String Configuration node. Like all Configuration nodes,
these two nodes provide an input form to enter the flow variable value.

A component containing Configuration nodes acquires a configuration window, including the
input forms from the contained Configuration nodes. A similar, more complex, configuration
window could be displayed as a web page using Widget nodes instead of the Configuration
nodes.

102



Chapter 5: Flow Variables

The Widgets category offers a wide choice of nodes
similar to the Configuration nodes, but with more
complex and flexible input forms, producing items in Q. search all nodes
web pages rather than in configuration windows. In T R
particular, the /nteger Widget and String Widget nodes . _
are the corresponding nodes to the /nteger gt string Widget et
Configuration and String Configuration nodes. =

Nodes > Results T

Value Selection Nominal Row

In this section, we will explore two interesting and Date&Time Widget Widget Filter Widget
widely used nodes from the Configuration and Widgets -ﬂo ﬂ»
categories: the Local File Browser Configuration node o imeractive range

(in Configuration) and the Value Selection Widget node et e

g

h 4

Qi 8

(in Widgets).

) . 3 X Interactive Value ) i Text Output
The Local File Browser Configuration node is used to Filter Widget ~ File Upload Widget  Widget (legacy)
trigger the File Browser User Interface, to find, select, "‘ ﬂ' '°=
and import the file URL as a flow variable. The Column Filter Credentials

configuration window of the component therefore will = mgd.m ﬂ
contain a “Browse” button to search for file. The file URL

variable should then be passed to a File Readernode — ““Wa ™" ooesnWigel  SiderWidgel
that reads and imports the data set from the file. >.° n- r>.-

The Value Selection Widget node operates a selection Figure 5.23. The "Workflow Abstraction”
on the distinct values provided in the selected input category with expanded "Widgets" sub-
column. This Widget node produces a web page item category.

visible in the node view: a drop-down menu to select one

of available values in the input column.

Value Selection Widget

The Value Selection Widget node extracts a list of unique values from a column in the input
data table and loads them in a menu or a group of radio buttons for selection. The menu or the
radio buttons are displayed in the view of the node itself, in the view of the component where
the node has been included, and in the stepwise execution on the KNIME Business Hub.

A value needs to be selected from the input form. Then a flow variable is created containing
the selected value to be passed over to the subsequent part of the workflow. To configure the
node, we need at least:

e The type of input form, whether menu or radio buttons, to display in the node view,
component view, and the KNIME Business Hub from a web browser.
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e The name of the flow variable to create

e The name of the input column with the
list of unique values for the menu / radio
buttons

e Since the selected column can be
changed via the input form, the checked
“Lock Column” flag avoids that

e The default value for the flow variable
from the menu list; this value can be
changed via the input form

Optionally, it would help to have a description
of what this flow variable has been created
for, and a label that explains what is supposed
to be selected.

To display the node view, right-click the node
and in the context menu select the “Interactive
View: .." option. This visualizes a web page
containing the input form with the list of
values to choose from.

Local File Browser Configuration

Dialog - 0:50:0:46 - Value Selection Widget (...  — O X
File

Contral  Flow Variables Job Manager Selection  Memory Palicy

Label: Enter country:

Description: Flow wariable for the ext

raction of data rows with
a given country.

Variable Name: widget_country

Selection Type: Dropdown "

Lock Column:

Default Column: |5| country

Default Value: Germany ~

Limit number of visible options:

Mumber of visible options: 0 =
oK Apply Cancel @

Figure 5.24. The configuration window of the Value
Selection Widget node.

The Local File Browser Configuration node explores the folder in the default file path, loads all
found files into a menu, allowing to select one. The node produces a flow variable containing
the URL of the selected file. The File Browser GUI is the input form produced by this node, visible
in the configuration window of the component that contains it.

Usually, this node is connected to a reader node, like a File Readernode, or to a writer node, like
a CSV Writer node, for importing/exporting a data table from/to a file. To configure the node,

we need:

e The name of the flow variable to create

e The default file path (it must be a valid path)

Optionally:

e The file extension to limit the number of files uploaded in the menu by their extension

e A description of the flow variable content
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e Alabel that instructs on what to select

Dialog - 0:30:0:47 - Local File Browser Configuration (select file URL) - [m| X
File

Control  Flow variables Job Manager Selection  Memory Palicy

Label: Select File:

Becx bt Defines the path of the output file to override.

Parameter Variable Name:  |input_file

valid File Extensions: Lcsv
Default File: . .

knime: f fnime. warkflow/. .\, . \KCBdata\sales.cav ~ Browse...
Timeout (s): 1l

A Value overwritten by dialog, current value:
knime:/ /knime.workflow/..\..\KCBdata\sales.csv

oK Apply Cancel @.

Figure 5.25. The configuration window of the Local File Browser
Configuration node.

Summarizing, Configuration nodes produce items for configuration windows and Widget nodes

items for web pages. When to use one or the other?

+ Read data from <input_file>
« Extract data rows with country = <country>

<country> and <input_file> selected in GUI from Quick Forms nodes and exported as flow variable

Local File Browser Configuration Value Selection Widget
fole] \ / 0o0e \
select file URL L\ show all possible coumries\
Component Input  using 0S file selection GU|\FiIe Reader from input data table as a \Row Filter Component Output
and export as flow variable ° menu and select one
[ — —»
(e]e] ] coe coe (ele] ]

country = <selected country from list>

Figure 5.26. Sub-workflow in component named “Select Country from list” with the Configuration and
Widget nodes: a “Local File Browser Configuration” and “Value Selection Widget”.
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Note. Input forms in web pages from Widget nodes are required when the workflow has to
run on a web browser via the KNIME Business Hub. For a classic workflow execution within
a KNIME Analytics Platform instance, input forms produced by Configuration nodes are
sufficient.

In workflow “Composite_Views” under “Chapter5”, We | &+ seiect Country from List - o X
have introduced a Value Selection Widget node and a
Local File Browser Configuration node inside the
component named “Select Country from List”. The first
node adds a “Browse” button into the component
configuration window, the latter adds a dropdown menu
filled with country names in the component view.

Enter country:

Germany +

Reset| Apply v| Close ~

Those two categories, Configuration and Widgets,

contain many other useful nodes. For example, the  Flgure 5.27. View of component “Select
Mq/r/p/e .S‘e/ecz‘{'on Conf/QU(at/'on/ Mu/t/p/? .S'e/ec"z‘/'on Cf:;’;?;ﬁ;’;;/f,Z'/UZh;‘ZZ/;Zf”M//'; dZZf’t
Widget and Single Selection Configuration/ Single

Selection Widget nodes in execution both present a list of values in a menu and allow for the
selection of one or more of them.

The Nominal Row Filter Configuration/ Nominal Row Filter Widget nodes work similarly to the
Value Selection Configuration/ Value Selection Configuration Widget nodes but return a table
with the one or more selected values instead of a flow variable.

The Column Selection Configuration/ Column Selection Configuration Widget nodes let the
user select a data column and transmit the name of the selected column to the following nodes
by means of a flow variable.

5.8. Composite View in Components

As we have stated already, components include input forms from internal Configuration nodes
in their configuration window. They also include views from internal JavaScript nodes in their
view window. Both input forms and views get displayed on a web browser via the KNIME
Business Hub during execution. So far, we have also seen that elements in the component’s
view and configuration window are arranged in a vertical sequence. It does not have to be just
vertical!

If you are more artistically inclined and would like to place the component’s items on a grid,
you can do so using the layout editor. Access the layout editor

e by right-clicking the component and select Component > Open layout editor, or
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e by opening the component (ctrl-double-click or right-click > “Component” - “Open”) and
clicking on the "Open layout editor" button in the toolbar (Figure 5.28).

The “Node Usage and Layout” window opens. In this window, items are organized on a grid.
Here you can place the input form or the view in the desired position in the view or configuration
window or web page.

e a—— _

B = ¢ Resetall  §3 Open layout editor 2 mposit > CJe Select Country from List

Figure 5.28. The Layout button in the tool bar of KNIME Analytics Platform. This button is enabled only when we are
inside a component.

There are many ways to place items in the layout grid of a component via the four tabs of the
“Node Usage and Layout” window.

¢ “Node Usage” sets whether the view or input form will be available in the component
configuration window (dialog) and/or in the component View.

o “Composite View Layout” provides a drag and drop layout solution. On the left, layout sub-
grids on a row are available: 1x1, 1x2, 1x3, or 1x4. Clicking on one of these sub-grids
automatically adds them to the layout. Via drag&drop, you can then place the views of the
Widgetnodes and the forms of the Componentnodes in any of the cells in the layout grid.
Notice the trash bin button in the top right corner of each cell to empty it of its content.

e “Advanced Composite View Layout” lets you place the items on the same view grid, but
via a JSON structure.

onfiguration dialog of the component

Views

Rows sumiamou

Figure 5.29. The “Node Usage and Layout" window to arrange views and input forms
on a grid for a component.
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In the workflow “Composite_Views”, the component named “Bar Charts side by side” contains
two bar charts built on the data of the file sales.csv. The two bar charts are built with two “Bar
Chart” nodes summing for each product once the number of sold items (“quantity”) and once
the money amount (“amount”). We wanted to have the two bar charts displayed side by side in
the component view. Thus, in the “Node Usage and Layout” window we placed the first chart in
the left cell and second chart in the right cell of the first row, as shown in the figure above.

Notice that all view nodes are connected. Selecting groups/points/data rows in one view,
automatically selects the same groups/points/data rows in the other view, if so set in the
configuration window and/or in the interactive menu of the view. In the figure above, selecting
the group of data for one product (“prod_1") in one chart automatically selects the same group
of data in the other chart.

@ amount E ouantity

Figure 5.30. View of the component named “Bar Chart side by side” containing two bar charts
generated by two “Bar Chart (JavaScript)” nodes. The two bar charts have been placed side by
side through the “Node Usage and Layout” window.

The last mention should go to a group of special nodes that offers control functions for charts
and plots in a composite view. We will show here just one for all the nodes of this type: the
“Interactive Range Slider Filter Widget” node.

The “Interactive Range Slider Filter Widget” node operates on numerical columns. It defines the
range allowed for the numbers displayed in the view of the upcoming JavaScript nodes. It also
produces a visual JavaScript item in the form of a slider to be used for the range definition. In
the view, changing the numerical range set in the slider, affects the number of records displayed
in the following charts and plots.

Interactive Range Slide Filter Widget

Interactive Range Slider Filter Widget” node defines the range of the numerical values to be
plotted by a subsequent JavaScript node.
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In the VleW |t produces a Sllder Item Dialeg - 0:82 - Interactive Range Slider Filter Widget - O X
Changing the range in this slider, changes |

the Values d|Sp|ayed in the fO”OW|ng Char‘t Options  Slider Labels Flow Variables Memory Policy

or plot.

The configuration window requires:

Merge With Existing Filter Definitions (Table)

o The numer|ca| Column ‘to apply the Merge With Existing Filter Definitions (Model Port)
range to. [ show Label Custom

Range Column: | 1| amount
v

e The minimum and maximum value for
the full range. Default values are Range Mimum: [ custom 3E
inherited from the column domain. Range Maximum: [ cuustom 1,600 %

e The minimum and maximum value for | | P=ut"nmmYate use domain extent 32
the range defined by the slider handle. Befault Maximum Value: (7 Use domain extent 1600 3
Again, default values are inherited
from the column domain.

e If you are using a cascade of slider
nodes, you can preserve the previous
settings and build on top of them, by Figure 5.37. The configuration window of the “Interactive

o]’ Apply Cancel l:‘

enabling the two merge checkboxes at Range Slider Filter Widget” node.
the top. You can keep the previous range filters either in the result table or in the model or
both.

e Optionally, an explanatory label can be added to clarify the range slider operation.

In our example workflow, named “Composite_Views”, we created a component, named
“Controlled Scatter Plot”, to contain a “Scatter Plot” node and a “Interactive Range Slider Filter
Widget” node. The scatter plot was set to display the sales input data in the (“amount’,
“quantity”) space. The slider was hooked to column “amount” to filter the displayed data points
in the plot. The first figure on the next page shows the view of the composite node, with all data
points plotted in the scatter plot, the second figure shows the same component view, showing
only those sales with “amount” lower than 482. This last range [3-482] has been manually
defined by moving the slider handle in the component composite view.

The sub-workflow contained in component “Controlled Scatter Plot” is shown in Figure 5.34.
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[ Controlled Scatter Plot — o X
26 =
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3 1600
Reset Apply |« Close

Figure 5.32. The view of the “Controlled Scatter Plot” component when the range for
‘amount” is left as the original column range.

[ Controlled Scatter Plot - O X

e
0]
]

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
amount

Resel Apply - Glose

Figure 5.33. The view of the “Controlled Scatter Plot” component when the range for
“amount” is set to [3, 482] by the slider handle.

We conclude here this chapter with a picture of the final workflow “Composite_Views”, showing
the component “Select Country from List” including “Local File Browser Configuration” and
“Value Selection Widget” nodes; the component “Bar Charts side by side” with the two bar
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charts placed close to each other; the component “Controlled Scatter Plot” displaying a scatter
plot controlled by a slider item.

Interactive Range Slider Filter
Component Input Color Manager Widget Scatter Plot (JavaScript)  Component Qutput

— i l

(e]e] ] ooe

Figure 5.34. The sub-workflow in component “Controlled Scatter Plot”. Notice the
“Interactive Range Slider Filter Widget” node feeding (and controlling) the data in the
“Scatter Plot” node.

Workflow: Composite_Views

This workflow shows a few additional Configuration and Widget nodes in metanode Select Country from List. It also
explores positioning of items in a metanode's view via the layout editor.
Finally, the metanode Controlled Scatter Plot introduces a new item: the Interactive Range Slider Filter Widget node.

This node produces a slider that can control the other charts and plots in the same metanode and therefore in the
same view.

Creating and using local Flow Vars with Configuration Views

and Widget nodes
« Positioning of items

« Controlling Charts and Plots

Select Country from List Controlled Scatter Plot
> S >
olel) 3 ol
Row Filter on <country> ~ T~ Bar Charts side by side

Write results
to <output_file>

Figure 5.35. The final workflow “Composite_Views’.

5.9. Components are for Sharing

If you have a particularly general component that encapsulates some logic or some data
operations that can be useful to more people than just yourself, you can easily share it, with
your future self, with colleagues, or with the whole KNIME Community.

Once you have a component, to make it into a sharable template, just right-click the component
and in the context menu select “Component” - “Share”. In the window that opens select the
destination for the component template.

e In LOCAL workspace, the component template will only be visible to you and your future
self;
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e on a KNIME Business Hub it will be visible to you and your colleagues who have access
to the same KNIME Business Hub;

e inthe folder My-KNIME_Hub/Public in the KNIME Explorer it will be available for the whole
KNIME community to use and accessible via the KNIME Community Hub.

To reuse a component template into your workflow, just drag&drop it from wherever it is into
your workflow editor. A linked component will be automatically created, including the
composite view and the composite configuration window of the original component. Every time
you open the workflow, you will be prompted to check for updates in the component template
and possibly import them into the linked instance.

Note. A linked component is created in read-only mode. You cannot change its content until
you disconnect from the template and make your own local copy using the option
“Component” -> "Disconnect Link” in the context (right-click) menu of the component.

We have used component templates in chapter 4, when using some of the time series
components contained in EXAMPLES/00_Components/Time Series. There we made just use
of the acquired configuration window of the components to set the right parameters for the
task, but we made no use of flow variables to make the parameter passing from component to
component easier. Indeed, the lag value, calculated in component “Inspect Seasonality”, is
presented at the top output port of the component, and could be easily passed to the next

Workflow: Time_Series_flowvars

This workflow shows an example of Time Series Analysis using same of the pre-packaged components in 00_Companents > Time Series in the KNIME Examples space on the Community Hub
After reading the time series of the number of visitor to a web site, we want to predict taday's number of visitars given the number of visitors in the past N=7 days. Here we use the Linear Regression, but any other numerical prediction
algarithm would have worked as well

Inspect Seasonality

.-
-8
=
®
Lag Val )
CSVReader  clean and sorttime serles Partitioning e Remove Seasonality  Reshape data LagColumn  Linear Regression Leaner
- ]
> > r-a ]
B -+ '. o I »— — | Line Plot
> > L-J Ld
L ] L] L L] A. ’
daily number take from Lag Value from (1) to
of visitors the top =7 (1), X(t-1), X(+2), .., ¥(t-lag) =
“allow for short lines”
must be enabled Regression Predictor  Numeric Scorer
Reshape data Lag Column
r=n - e
>SS » g » b‘ o
s ° .
L]
Remove Seasonality from 10 Return Seasonality
Y rom x(t) to:
» (1), x(t-1), x(t-2), ..., xitlag) >
g | B
> >
® ® Return Seasonality Line Plot
Lag Value on predictions >
" (S
! >
° ®
n no visitor

Figure 5.36. Workflow “Time_Series_flowvars”. This is a revised version of workflow “Time_Series_noflowvars”
developed in chapter 4 using flow variable connections to pass the lag value from the “Inspect Seasonality”
component into the “Remove Seasonality” component.
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component “Remove Seasonality” with a flow variable connection, avoiding the manual setting.
The final workflow, taking advantage of flow variables, is shown in the figure above.

5.10. Exercises

Exercise 1

Read the file sales.csvfrom the KALdata folder.

Select sale records for a specific month and year, like for example March 2009, March 2010,
January 2009, January 2010 using flow variables for the month and the year values.

Solution to Exercise 1

To implement an arbitrary selection of data records based on month and year, we first applied
an Extract Date&Time Fields node and defined two flow variables, one for the year and one for
the month, using the Table Creator node followed by a 7able Row to Variable node. Two Row
Filter nodes were then extracting the data rows with that particular month and that particular
year as indicated by the two workflow variables’ values.

Workflow: Chapter 5/Exercise 1

This exercise is about transforming data values into flow variables. Extract data rows from the sales.csv file for a specific month
and year combination. Use the Table Row to Variable node to define a new (month, year) flow variable pair for a new data extraction.

Table Creator Table Row to Variable

By H e

~
ooe ooe .
.
define month & define g
year flow variables Ny F ic filtering ling to (month, year)
CSV Reader String to Date&Time Extract Date&Time Fields\ ~_ Row Filter Row Filter
—e
R L I o Sl T e e S = 2
ooe fofe] ) (eTe] ] (o]e] } oCe
sales.csv column date extract Month, Year filter data rows filter data rows
from String to from date by month by year
DateTime type using a global variable using a global variable

Figure 5.37. Exercise 1. The workflow.
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Exercise 2

Using the file cars-85.csvand build a data set with:

e The cars from the car manufacturer that is most present in the original data

e The cars from the car manufacturer that is least present in the original data

Put today’s date on every row of the new data set to identify the time of creation.

Solution to Exercise 2

To identify the  most/least
represented car manufacturer in the
data, we counted the data rows for
each value in the “make” column
with a GroupBy node. We then
sorted the aggregated rows by the
count value in
descending/ascending order and
kept only the first row and only the
“make” column. To create the flow
variable, we used the Table Row to
Variable node, creating a flow
variable called “make”. Finally, we
used a Row Filter node to keep only
the rows with that value in the
“make” column.

To create today’'s date, we used a
Java Edit Variable (simp/e) node and
appended it to the data set in a
column called “load_date” by means
of a Rule Engine node.

Dialog - 3:27 - Java Edit Variable (simple) [create date <today>) — (m] *

File

;IEibFégéiEHj Flow Variables  Job Manager Selection

Flow Variable List

@ user

E‘ knime, workspace

Method Body

return new Date().toString();

Overwrite or define new variable

© Define variable:

(O Overwrite Variable:  [g"] user

Compile on close
today Return type
() Integer () Double
© string

oK Apply Cancel @

Figure 5.38. Exercise 2: Configuration window of the ‘Java Edit

Variable (simple)” node.

Note. A Java Snippet node could also write today’s date in the “load_date” column.
However, if you have more than one data set to timestamp, it might be more convenient to
use only one Java Ediit Variable (simple) node rather than many Java Snijppet nodes.
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Workflow: Chapter 5/Exercise 2

This exercise

« performs parametric row filtering transforming a resulting data row into a flow variable and using as the dynamic pattern for row filtering,
+ creates a flow variable (timestamp) with a Java Edit Variable node.

Find car manifacturer with highest number of contracts (# data rows) Java Edit Variable (simple)
GroupBy Sorter Row Filter Column Filter Table Row to Variable le) %-J .\
|
> Fr—> > H e cce |
/ Row Filter
/ fele] ) {ele] ) foYe] ) {ole] ) (oYe] ) —e create date <today>
-~ as local flow vaf
/ count by make by count, 1st row only "make” only //’ S > . using java datetime library
CSV Reader / descending l
/ / occe \_  Concatenate \Rule Engine
S/ y . s ]
E_. > < data rows from >
\\, most represented make > = b >
[ofe] ) \ ) _ ) \ ) /-
\ Find car manifacturer with lowest number of contracts (# data rows) Row Filter Ve (eTe] ]
read file \ '\ ] / f d timest
- \ . y R = - cars from append timestamp
T:';Cfd:fa" \ GroupBy Sorter Row Filter Column Filter Table Row to Variable > 5> most and least load_date = today
N represented make
e ol - - O e i L e Sl =AU ocoe
data rows from
coe coe oce coe ococe least represented make
count by make by count, 1st row only "make” only
ascending

Figure 5.39. Exercise 2: The workflow.

Exercise 3

Define a maximum engine size, for example 300, and put it into a flow variable named “max”.
Read the file cars-85.csvand build two data sets respectively with:
e All cars with “engine_size” between the maximum engine size defined (“max”) and its half
e All cars with “engine_size” between the half and a quarter of the original default value

The workflow must run with different values of the maximum engine size.

Solution to Exercise 3
Define “max” as an integer value using the 7able Creatornode and convert it into a flow variable
using the Table Row to Variable node.

Create the flow variables “max2” with the value % and “max4” with value % with two Math
Formula (Variable) nodes.

Configure two Row Filter nodes with “use range checking” as filter criterion and with the
appropriate flow variables in lower bound and upper bound to build the required data tables.
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Note. Remember to check the “Convert to Int” flag in the Math Formula (Variable) nodes.
The column “engine_size” is of type integer and then the Row Filter node sees only flow

variables of type integer.

Workflow: Chapter 5/Exercise 3

This exercise is about global and local variables:

« Define a max engine size as flow variable (300 for example).
 Find all cars with engine size between the engine size and its half.
« Find all cars with engine size between the half and a quarter of the original default value

Table Creator ~ Table Row to Variable ~Math Formula (Variable) Math Formula (Variable)
] & &
&, » >y @ 40"&%0'&.\
feTe] ) lel ) coe | coe |
\ |
define engine size engine size / 2 '\ engine size / 4 “
\ |
CSV Reader \Row Filter |
° \
\
B » > 5>
¢ - Row Filter
fole] } 50® e
— >
cars-85.csv engine_size between ST

engine_size2 & engine_size coe

engine_size between
engine_size4 & engine_size2

Figure 5.40. Exercise 3: The workflow.

Dialog - 3:27 - Math Formula (Variable) (engine size / 2)
File

Math Expression Flow Variables Job Manager Selection

Flow Variable List Category Desaription

[ max al -

Function

i
e

In()
loglx)
logip(x)
exp()
paw(x, v}
abs(x)
sart(x)
rand()
mod(x, v)
6 v, 2)

Expression

1 $3{Imax}$3/2

© Append variable:  max2

(O Replace Variable: [ max

@ Convert to Int

oK Apply Cancel @

Figure 5.41. Exercise 3: Configuration window of the Math Formula (Variable)
node.
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Exercise 4

Using the cars-85.csvfile, build a component with the following configuration window to:
e select data rows with a specific body style
e replace missing values in a column 1 with values in the same data row in a column 2.

Limit the choice of columns to only String columns. For the missing value operation use the
Column Mergernode.

Solution to Exercise 4

First, we read the data, and we extract all string columns with a Column Filter node. Then we
define all the parameters for the configuration window of the component with Configuration
nodes:

e A Value Selection Configuration node applied to the “body_style” column

e A Column Selection Configuration node to select column 1 to feed to the Column Merger
node

e A second Column Selection Configuration node to select the column 2 to feed to the
Column Mergernode

Then, we configure a Co/umn Mergernode using the variables created for column 1 and column
2.

Workflow: Chapter 5/Exercise 4

This exercise implements a parametric Column Filter node (in the Component) and a parametric Column
Merger node.

Select Column 1 and Column 2 as local Flow Variable with Configuration nodes. Then filter out Column 1
and merge Column 1 and Column 2.

CSV Reader Column Filter select parameters Column Merger
__——9
PR
&, »r— —» i p— —» > H»
-
(o]0] ) (o]e] ] oCce (ele] ]
read file remove parameters: replace values from
cars-85.csv non-string columns - body style column 1 into column 2
in KCBdata -column 1
-column 2

Figure 5.42. Exercise 4: The workflow.
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Dizlog - 3:22 - select parameters (parame..  — [m} *
File

Flow Variables Memory Policy  Job Manager Selection

Select body style:
i
body_style e
convertible w
Enter column 1:
make o
Enter column 2
aspiration w
oK Apply Cancel @

Figure 5.43. Exercise 4: The component
configuration window.

Value Selection Configuration Column Selection Configuration Column Selection Configuration

B % =

(o]e] ] (ool } (ofe] }
select <body style> define define Com
> i ; ponent Output
Component Input among possible Row Filter <column_one> Column Filter <column_two>

body styles
. -
(e]e] ] (o]o] ] (ofe] |
keep data rows parametric
with selected column filter
body style remove <column_one>

Figure 5.44. Exercise 4: The sub-workflow in the component.
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Chapter 6: Advanced Dashboards with
Composite Views

6.1. A few examples of Advanced Dashboards

In KNIME Beginner’s Luck (Chapter 6: Dashboards with Composite View) we built a dashboard
including a table for assigned money, a table for used money, and a table for remaining money
and the corresponding bar charts across all projects/years (see figure below).

Project Report: Money Flow

Assignad money Used money Remaining maney

projeet ssaigned 2007 assgneazoss assigees 2300

Money remaining per year by each project
S

Figure 6.1. The bar charts from the original simple dashboard in KNIME Beginner's Luck (Ch. 6).

This dashboard was good enough for at-a-glance observations and simple enough to build.
Years and projects were statistically represented in all three bar charts in shade of green.

However, with your newly acquired knowledge of flow variables from this book, in this chapter
we will change this static dashboard into a dynamic one or two. The goal of this chapter is to
show how to introduce advanced dashboard elements in the composite view to

e interactively select one or more attributes to draw in the charts

¢ make dynamic, real-time updates
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e autocomplete text queries
e introduce custom option selection
e implement an animated bar chart via a community component
In particular, we will build two interactive dashboards and an animated bar chart.

After completing this chapter, you will have learned how to create 2 interactive dashboards and
an animated bar chart.

The first bar chart, named “Project Report: Money Flow” (figure below), introduces the concept
of interactive selection, by allowing us to select the attributes (money used, assigned, and
remaining) and the specific project for the bar chart. The workflow implementing this
dashboard is “Project Report 1: Filtering by Year and Project” found in the “Advanced
Dashboards” KNIME file.

Project Report: Money Flow

Choose Projects: Money flow per year by project =

Excludes Includes

Blug Gob
Kalahari Viojave

1000 1500 2000

Choose Money Flow Money
D used 2007 used 2008 used 2009
Excludes Includes

Update
Figure 6.2. The first interactive dashboard of this chapter "Project Report: Money Flow". #

The second dashboard, named “Advanced Money Flow with Text Autocompletion” (figure
below), builds upon the first dashboard by introducing real time update, text autocomplete, and
custom option selection. The workflow implementing this dashboard is called “Advanced
Dashboards”.
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Advanced Money Flow with Text Autocompletion

Type Project of Interest
Sahara

Execute Project Selection
Select Date Range

O AllYears () 2007cnly (O 2008 only € 2009 only

Money flow per year X

Sahara

-300 0 300 600 900 1200 1500 1800
Money
(B used 2009 ([ assigned 2009 remain 2009

Figure 6.3. The second interactive dashboard of this
chapter “Advanced Money Flow with Text
Autocompletion” found in the “Advanced

Dashboards” KNIME file.

B Animated Bar Chart

a X
Project and Money Used over Time
: A O . . . N . R S o
T sechura 1000
T voare 510
Patagonia 453

I cobi s

La Guajira 422

Sahara 420

Blue 410
Kara Kum 385
White 279
Kalahari 252
Tanami 5
2009-09-01

Rszt‘ Apply v‘ Close =

Figure 6.4. The animated bar chart component creates a visualization where bars race over time,
Increasing in range. This figure only captures a static image of the final chart.
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Finally, the last part of this chapter shows how to build Repository > Results
animated bar charts with a component template

available on the KNIME Community Hub. The ) Search Nodes

animated bar chart adds a splash of movement meant e
to capture an audience’s attention. The workflow

implementing this dashboard is called “Animated Bar Refresh Button - Single Selection
Ch Widget String Widget Widget
art”.

a
o
0

So which nodes allow us to create such interactive
Value Selection Interactive Range

dashboards? Widget nodes. All Widget nodes are Widget Slider Filter.. _ Date&Time Widget
availat?le under Workf!ow Abstractiop in the Node ,n. ,. E.
Repository panel. Widget nodes implement an

interactive item in the composite view of a component Interactive Value  Nominal Row Text Output

i Filter Widget Filter Widget Widget
or in the web page. ’. >u =
You have previously used the Value Selection Widget,
the Text Output Widget and the Interactive Range Fiie upioad widget Integer Widget

Widget
Slider Filter Widget in either KNIME Beginner’s Luck or
in previous chapters of this text. n. =. B

Multiple Selection

Column Filter Column Selection Credentials
In the following sections we will introduce you to more Widget Widget Widget
widgets which allow for customization and dynamic ». >.o no
interactivity in composite views - especially for
advanced dashboards. Boolean Widget  Double Widget Slider Widget

In each section we will introduce key widgets and n‘ n‘ ".'

gradually build the objective interactive dashboards
as well as several simpler dashboards. Here are the
widgets we will cover in each section:

Figure 6.5. A list of Widget nodes found within
Workflow Abstraction in the Node Repository.

e 6.2 - Column Filter Widget

e 6.3 - Refresh Button Widget

e 6.4 -Nominal Row Filter Widget - at this point we can make dashboard 1
e 6.5- Autocomplete Text Widget

e 6.6 - Single Selection Widget - at this point we can make dashboard 2

In section 6.7 we will introduce how to animate bar graphs by using a community component.
In section 6.8 we will touch the topic of Geospatial Analysis and introduce selected nodes of
the Geospatial Analytics Extension for KNIME, and finally, section 6.9 will propose two
exercises, one dealing with color palettes and the other with stacked area charts, to aid you in
building your own dashboards.
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6.2. Interactively selecting one or more attributes to
represent in a chart

Let's start from the composite view implemented in KNIME Beginner’s Luck (Figure 6.1). This
composite view was static, i.e., it was not possible to select the input columns to be displayed.
This made for a view with many elements and the inability to have the audience pay attention
to any one particular aspect of the graphics. In this section we want to add one control item to
allow for custom selection of the input attributes.

As shown in Figure 6.1, in the original dashboard the three bar charts were always shown. But,
by adding the ability to control which columns to represent, we can create simpler, easier-to-
parse graphics. We will do this by selecting our columns interactively using the Column Filter
Widget node.

Column Filter Widget

The “Column Filter Widget” node creates an interactive column filter selection menu for use in
component views. It takes a data table and returns a filtered data table with only the selected
columns.

The configuration window of the node does not require any special settings to be
configured/selected, besides the default filtering to show when opening the interactive view for
the first time.

Check the “Re-execution on widget value change” box in the Re-execution tab, if you would like
re-execution to happen automatically upon choice selection.

The Column Filter Widget node then produces a framework to allow us to interactively choose
the columns we want displayed. For example, let’s build a simple component connecting a
Column Filter Widget node, with the configuration window shown in the figure below, to a Bar
Chart node.
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Dialeg - 3:116:0:70 - Column Filter Widget (Allows a user)

File

Label:

Description:

Variable Name:

Default Values:

Number of visible options:

Limit number of visible options: O

- O x
Re-execution Flow Variables Job Manager Selection  Memory Policy
Choose Money Flow
Enter Description
column-filter
© Manual Selection () Wildcard/Regex Selection () Type Selection
Excude Incude
Fiter Fifer
ﬂ assigned 2007 > ﬂ Project
| | | assigned 2008 | I | used 2007
| | | assigned 2009 | I | used 2008
| D | remain 2009 » | I | used 2009
m remain 2008
|D| remain 2007 <
«
© Enforce exdusion () Enforce indusion
0
oK Apply Cancel @'

Figure 6.6. The configuration window of the Column Filter Widget node.

If we were to right-click on this component and inspect its interactive view, we would get the
output depicted in Figure 6.8. Notice the Excludes/Includes framework at the top generated by
the Column Filter Widget node. Notice also that the bar chart, implemented by the Bar Chart
node, has operated only on the selected input attributes (assigned 2007, assigned 2008,

assigned 2009).

Component Input Column Filter Widget Bar Chart

- ‘B A

ooe oCe ole] (olo] ]
Allows a user Bar chart of
to choose remaining money
which columns by project by year
to include
in dashboard

Figure 6.7. Simple component with a Column Filter Widget node and a Bar
Chart node producing the dashboard shown in the next figure.

Component Output
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Choose Money Flow

Excludes Includes

assigned

Money flow per year by project 4

o 300 600 900 1200 500
Money

@ used 2007 used 2008 used 2009
Figure 6.8. Output of the simple component.

But there is one problem. At the moment, to apply a new selection of columns to the bar chart
in this dashboard, the composite view must be manually re-executed. That is, this dashboard
is not yet dynamically malleable. In order to avoid the manual re-execution of the composite
view, we'll need to learn about a feature within some widget nodes called “Re-execution”, and
about the Refresh Button Widget node. This is the subject of the next section.

6.3. Dynamically update the dashboard

In this section, we will learn how to dynamically update a dashboard upon the selected
columns. That is, we will select the column(s) to use - money assigned, used, remaining and
year - and dynamically update the dashboard. To do this we will learn about a concept called
re-execution.

Re-execution allows us to dynamically apply any selection we have made within a composite
view. Some widgets have a “Re-execution” tab while others do not. In addition, the Refresh
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Button Widget node gives the re-execution capability to any widget node, therefore let’s discuss
the Refresh Button Widget node first and then later we will talk about the dedicated tab.

Refresh Button Widget

Button Widget allows us to (re-)execute dOWNSIream | puiug siieo s fefon sution widget s = O X
nodes in a component. It creates a yellow button in | F*

the composite view of the component. Simply | 5] Fon vanabes o vanager slecion
clicking the yellow button triggers the re-execution of | |~

the downstream nodes in the component.

Description:

The dialog options of the Refresh Button Widget are
straightforward and leaving most fields blank is
acceptable. The only important setting is the name of | |auontext: o
the yellow button.

| ok Apply @
The Refresh Button Widget node must be connected —

via a flow variable connection to the widget node Figure 6.9. The dialog options of the Refresh
whose options you would like to refresh (re-execute). Button Widget.

You can decide which workflow segments should be

(re-)executed by where you place the Refresh Button Widget node in the workflow.

Let’s consider the component shown in Figure 6.6, including a Column Filter Widget to select
the columns to use in the following Bar Chart node. After selecting new columns to display in
the bar chart, the execution of the Column Filter Widget node and of the Bar Chart node must
be retriggered. Thus, the Refresh Button Widget node must be connected via flow variable to
the Column Filter Widget node. The new component is shown in the figure below.

Refresh Button Widget

-.
AN

ocoe
Creates a yellow
execution button
Component Input .f:qu_sziIler Widget Bar Chart Component Qutput
- B O
coe (ole] } coe oce

Allows a user Bar chart of
to choose remaining money
which columns by project by year
to include
in dashboard

Figure 6.70. Adding the Refresh Button Widget node to control re-execution of
the component shown above.
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Note. Unlike most flow variable connections, you do not set any flow variables in the dialog
of the flow-variable-receiving node. In this case, the Refresh Button Widget is sending a flow
variable connection to the Column Filter Widget and the Column Filter Widget node is
receiving the flow variable connection. You do not need to specify anything in the Flow
Variables tab in the configuration dialog of the Column Filter Widget node.

So, in the composite view of the component, once we change the selection of the columns to
display, we click the yellow button, named in this case “Update”, and the selection frame as well
as the bar chart get updated.

Choose Money Flow Money flow per year by project o

Excludes Includes

Project

assi

> Gob

«

Update

Money
@ used 2007 used 2008 used 2009

Figure 6.71. Selecting columns in the Include/Exclude framework and clicking the yellow button produces an
update of the dashboard based on the new column selection.

But what if you don’t want to click that yellow o
button every time you make a new choice? In |

KNIME Analytlcs Platform V45 and above' there IS Control Re-execution  Flow Variables Job Manager Selection Memory Policy
an 0pt|0n tO automat'ca”y reload the Intel’aCtlve Re-execution of downstream nodes inside composite views

view whenever a setting of the node is changed. (1) Re-excaution on widget value change

To enable this option, simply right-click on the
widget node, select “Configure...”, and look for the
“Re-execution” tab in the configuration window.
Select that tab and then check the box next to “Re- Figure 6.12. The automatic re-execution functionality
execution on widget value change”. option in a Widget node.

OK Apply Cancel I:_>

i

Note. A small symbol appears on the upper right corner of a widget node that has the re-
execution option enabled.

In general, it is up to the user to decide what to use, whether the re-execution tab or the Refresh
Button Widget node. Most users will use the dedicated Refresh Button Widget node if they have
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a very large dataset and re-executing each time a selection is made takes too long or if the
widget they are using does not have the Re-execution tab.

Column Filter Widget Column Filter Widget
Now that we can select columns and ® ®

dynamically refresh all connected nodes and —_>F — »
(ool ]

composite views, either automatically or by

clicking the yellow refresh button, we will turn our

attention to interactively selecting rows in a  F/gure 6.13. The widget icon without (left) and with
dataset (right) the refresh symbol in the upper right corner

indicating that re-execution has been enabled.

jofe] ]

6.4. Interactively selecting rows by column values

In the last section we learned how to filter (add and remove) columns of interest inside the
dashboard. But what if we would like to filter rows from values within a column? That is, we
don’t want to remove a column entirely as we did before, but rather hone in on certain elements
within the column. In this section, we will select specific projects, by selecting their names in
the Projects column. If we only wanted to focus our attention on Blue and/or some other
projects, we would need to filter the rows to only include the data for those projects.

Now that we have seen how to filter columns of interest dynamically, let’s learn how to filter
rows of interest dynamically. As well, if those rows are nominal (a.k.a. categorical), we can
easily filter those data points using the Nominal Row Filter Widget node. The Nominal Row
Filter Widget node receives a data table at the input port and produces the filtered rows at the
output port. The filtering rule is defined via and Exclude/Include framework in the node’s
interactive view.

Nominal Row Filter Widget

The “Nominal Row Filter Widget” node creates an Exclude/Include framework for categorical
row filter selection. The configuration window of the node does not require any special settings
to be configured/selected, besides the default filtering to show as starting point in the
interactive view. Check the “Re-execution on widget value change” box in the Re-execution tab,
if you would like to trigger re-execution automatically upon any setting change. “Selection Type”
allows the framework for the selection of rows to vary from twinlists, to boxes, and even lists.
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In our example, we have set the Selection Type to “Check boxes (horizontal)”, selected projects
Blue, Gobi, and Kalahari, and enabled re-execution. The dashboard then updated automatically
to show the data of the three selected projects.

File

Control Re-execution Flow Varisbles  Job Manager Selection  Memory Policy

Label: Choose Projects:
Desaription: Enter Description |
Variable Name: value-filter
Selection Type: Check boxes (horizontal) e
Lock Column: -]
Defauit Column: [8]project
Default Values: Exdude Indude
Fiter Y rter

Kara Kum 3 Blue

La Guajira \Gobi

Mogave alahari

Patagonia 2

sahara

sechura <

Tanami

iite «
Limit number of visible options:
Number of visible options: 10 5

ok Apply Cancel @

Figure 6.74. The configuration window of the Nominal Row Filter Widget node.
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Choose Projects:

M Bue B Gooi B kalehari [] karakum [ LaGuajire [] Mojave [] Patagonia [] Sahara [] Sechura [ Tanami [] White

Money flow per year by project

Blue

Kalahari

e

300 600 900 1200 1500 1800
Money
@ used 2007 used 2008 used 2009

Figure 6.15. Dashboard showing used money amounts for selected projects.

Unlike the Column Filter Widget which only uses the “Selection Type” called Twinlist, above we
used the Selection Type called “Check boxes (horizontal)” to give some variety. Below we give
a direct comparison between these two selection types.

Choose Money Flow Choose Projects:
Excludes Includes M cue B cobi B kalzhari B ksrzkum B Lz Guzjra B Mojave
assigned 2007 Project B rFatagoniz B sshars sechurs [ Tanami B white

used 2007

used 2008

used 2002

»

&

Figure 6.16. Ways to visualize column and row filter widgets - the left is called “Twinlist’, and the right is called
“Check boxes (horizontal)’.

Now that we have learned about the Column Filter Widget, the Refresh Button Widget, the Re-
execution tab, and the Nominal Row Filter Widget, we are ready to make the component “Project

Report: Money Flow” implementing the first complete dashboard, as it was described in section
6.1.
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Summarizing, the component contains:
e A Column Filter Widget node to select the data (money flow and year)
¢ A Nominal Row Filter Widget node to select one or more projects
e A Bar Chart node to display the selected data
e A Text Output Widget to provide a title for the dashboard

e And finally a Refresh Button Widget node to trigger re-execution at any change in the
dashboard settings.

e As a consequence, the composite view of this component shows a dashboard with two
filtering elements, one for the columns and one for the project/rows, and a bar chart.

Text View
Refresh Button Widget

N\

ooe Project title

Creates a yellow
execution button

Component Input ‘qu‘umn Filter Widget Nominal Row Filter Widget Bar Chart Component Output
~e

- B B D

ooe Ccoe (e]o] ) (o]o] ) (o]e] ]

Allows a user Allows a user Bar chart of
to choose to choose remaining money
which columns which rows by project by year
to include toinclude
in dashboard in dashboard

Figure 6.77. Component Project Report: Money Flow to implement the first Dashboard.

Notice that the Refresh Button Widget only applies to the Column Filter Widget and allows us
to manually trigger re-execution of the dashboard upon a new column selection. However, we
use the Re-execution tab in the Nominal Row Filter Widget for an automatic re-execution every
time a new project is selected in the dashboard. In certain cases, it may be easier to manually
re-execute, while in other cases you may want re-execution to happen automatically.

With this dashboard, we have the ability to focus on any particular set of years (2007, 2008,
2009) or categories of money flow (used, assigned, remaining) as well as on any particular
project or set of projects (such as Gobi, Kalahari, etc.).

To advance our dashboard-making skills even further, we should now learn how to improve the
user experience. This is the topic of the next two sections.
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Project Report: Money Flow
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Excludes

Includes

Gobi
Mojave
0 500 1000 1500 2000
Money
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Project

use
used

used 2009

Update

Figure 6.18. The Project Report: Money Flow Dashboard.

6.5. Text autocompletion

In the Project Report: Money Flow dashboard, you may have noticed that the twinlists take up
quite a bit of space to expose all possible combinations to the end-user. This may not be ideal
from a user experience point of view. In this section we will look at a way to save space, add a
level of sophistication to the user experience, and restrict what data we allow the user to access
with the Autocomplete Text Widget node.

Type Project of Interest

(9

Sahara
Sechura

Figure 6.79. Autocomplete textbox from the Autocomplete

Text Widget node in an interactive view.
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As the name suggests, a user can enter the first few letters of a word into a search box and this
node will offer a selection of values from a selected input column, to complete the word. The
node also contains a degree of protection by hiding specific column values.

Autocomplete Text Widget

The “Autocomplete Text Widget” node creates an
interactive view displaying a text input field with
autocomplete functionality.

The configuration window of the node does not
require any settings to be configured/selected,
besides the “Column containing autocomplete
options” dropdown menu in which you select the
column containing the wor ds you would like to be
automatically completed.

Notice that the list of available words to complete will
be from the “Maximum number of rows” contents, so
if you have unique values beyond the default
maximum, increase the maximum value to capture
all possible words you would like autocompleted.

Dialog - 5:30:0:38 - Autocomplete Text Wi.. = a X |
File

Flow Variables Job Manager Selection

General Settings

Maximum number of rows 2,500
Label |Type Prc
Description |Enter Description
Column containing autocomplete options IE‘ Project -~
Only accept value from options

Default Value Sahara

oK Apply Cancel 'i‘

Figure 6.20. The configuration window of the
Autocomplete Text Widget node.

Let us now look at a simple example component which makes use of the Autocomplete Text
Widget node. In this example, we use this node to select a specific project. The specific project
then controls a Row Filter node to select the corresponding data rows. A Refresh Button Widget
node is then introduced for re-execution after a selection of a new project. The composite view

of this component is shown in the figure below.

Refresh Button Widget

B

ooe

Autocomplete Text Widget
e

Component Input yZ . Row Filter

Bar Chart Component Output

-9
~ “r

loJo] ) ooe

(e]e] ] (efe] ]

Bar chart of
used money
by project by year

Figure 6.21. Simple component using the Autocomplete Text Widget
node for project selection.
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Notice that we require the Refresh Button Widget node since the Autocomplete Text Widget
does not have a Re-execution tab.

Advanced Money Flow with Text Autocompletion

Type Project of Interest
Sahara

Execute Project Selection

Money flow per year o

™

-300 00 1200 1500 1800

Money
B used 2007 used 2008 used 2009 ([ assigned 2007 assigned 2008 ([l assianed 2009 7z p

Figure 6.22. Output of the simple Text Autocompletion component using
the Autocomplete Text Widget.

However, when we inspect the Interactive View of this simple component, we get a dashboard
that is a bit too colorful for our taste. Due to the variety of colors, the dashboard viewer has no
clear focus. In the next section, we will create custom color filters to focus better on certain
groups of years. We can then extend what we learned to create custom filters for data.

6.6. Custom Filtering

In the previous section we allowed a user to see all columns from the original dataset and then
to select a subset of rows to view in their dashboard. Sometimes, however, it is required to
allow users to see only some of the columns and/or some of the rows. Some other times, we
want to expose columns with more user-friendly and meaningful names. In such cases, the
Single Selection Widget node can be useful.
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Single Selection Widget

Single Selection Widget node allows selecting a single value from a list of strings in an
encapsulating component's view.

In “Possible Choices” we simply type out the options we would like displayed to a user who
accesses the Configure menu from the component encapsulating this widget.

Notice we can also set a label, description, and flow variable name. Additionally, we can change
the type of button displayed in the view via “Selection Type” and we can limit the number of
visible options.

Dialog - 0:30:0:1311 - Single Selection Widget (Year Choice) — [m] X

File
Control Re-execution Fiow Variables

Label: Select Date Range

Emn Enter Description

Variable Name: single-selection

Selection Type: Radio buttons (horizontal) >

Possible Choices:

All Years

Default Value:
2007 only
2008 only
2009 only

Limit number of visble options: ]

Number of visible options: 10 3

oK Apply Cancel

Figure 6.23. The configuration window of the Single Selection Widget
node.

Let's give a practical example. Let’s suppose that we are interested in visualizing the cash flow
for each single year; we would like this to enable a filter to select the one year of cash flow to
visualize.

We can manually type the years as the menu options into the Default Value pane of the
configuration window of the node. Since the menu options do not match one to one the column
names, we use a Rule Engine Variable to force the match and the Column Filter node to select
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the column to visualize. The Rule Engine Variable, discussed in detail in Chapter 5, will
transform the menu options from the Single Selection Widget node into column names that the
Column Filter Node recognizes (see figure below).

Now that we have a general understanding of how these nodes are connected, let us concretely

Refresh Button Widget

ooe
mmplele Text Widget  Single Selection Widget  Rule Engine Variable

-® e ry
- -
/' \
yd ocoe (ofe] ] coce |
4 \
Component Input yd Year Choice ‘onlmn Filter Row Filter Bar Chart Component Output
- —e
T — > i S ->m
LU ooe 00e (olo] ) 00®
Bar chart of
used money

by project by year

Figure 6.24. Combining a Single Selection Widget node with the Rule Engine Variable node to filter columns.
state what is happening here:

1. Create custom menu options (“All Years”, “2007 only”, “2008 only”, “2009 only”) by
manually typing them in the Single Selection Widget configuration window (i.e., within
Possible Choices pane).

2. Translate those option names into - ST @ g
column names that the Column Filter |«
node understands via the Rule Engine | Mewveraks sob tancger seecion temory poicy
Variable node. In this case we use ||

[&7] fiter-type -

pattern matching to look for “200X". [ ncadednames §

3. Within the Column Filter node’s Flow iddph 5
Variables setting (image on the right), & e ottr
set the Rule Engine Variable node’s m (£ regex pettem v
flow variable (this flow variable is wsu 5
called regex_pattern in our example ?...Exdud%mng .
below). (7] datatvpe

With that knowledge, we are finally able to - oy T

build the Advanced Money Flow with Text _

Autocompletion  dashboard. We  will Figure 6.25. The configuration window of the Column Filter
node.
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combine the Autocomplete Text Widget node and
the Single Selection Widget node to build a sleek,
easy to use dashboard. The content of the teerukctorimeres
component is shown in Figure 6.24. o

Advanced Money Flow with Text Autocompletion

Execute Project Selection

And remember, if we would like a large title, we  setectpate Range
can simply add the Text Output Widget node as =« & = & =mel @ seen

We” Money flow per year Lt

Did you notice we didn’t include the usual title?
What do you think? Do we need a title? How about
the spacing or positions of the widgets?
Remember that if you would like to change the
layout of the dashboard, you can either

e rightclick the component and select
Component > Open layout editor, or R R E

Money

@ used 2009 assigned 2009 remain 2009

e open the component and click on the "Open

layout editor" button in the toolbar. Figure 6.26. Advanced Money flow with Text

i L Autocompletion Dashboard.
Having completed both of the Objective

Dashboards, next we will look at how to build an Animated Bar Chart which we can use to
capture the attention of our audience.

KNIME A

cs latform
m »ff 1. Advanced Dashboards + (@) Help (& Preferences
¢ Resets pen Iayout edno ashboards > [ Project Report 2

B Ll

Figure 6.27. The layout button in the toolbar of the KNIME Workbench.

6.7. Animating a vanilla bar chart with community
components

As you know, components are a sequence of nodes packaged together that you create within
a KNIME workflow. They encapsulate and abstract functionality, can have their own dialog, and
can have their own sophisticated, interactive views. Components can be reused in your own
workflows but also shared with others: via KNIME Business Hub or the KNIME Community Hub.
They can also represent web pages in a guided analytics application deployed via KNIME
Business Hub. That is to say, anyone can create and share their components with the
community.

137



Chapter 6. Advanced Dashboards with Composite Views

Verified components are a set of
components that behave like KNIME nodes,
including error handling capabilities, which
are developed by KNIME and regularly
released on the KNIME Community Hub.
Examples include the AutoML component
(great for Data Scientists), the Measure
Fractional Years component (great for Excel
users) and the Animated Bar Chart
component (great for everyone). In this
section we will introduce the Animated Bar
Chart component.

The Animated Bar Chart component requires
three input columns:

e anominal column with category values
(such as Project name),

e a numerical column with some metric
values (such as money used),

e and a date column.

In the case of the Project.txt file, we have:
money related columns, the project column,
and the year column. We need to transform
the year column into a date column. From
there, we simply populate “Select Bar
Column” (nominal value) with the project
column, “Select Metric for Bars Size”
(numeric value) with the money column, and
“Select Timestamp” (datetime value) with
the year column now in form of a date&time
column.

Animated Bar Chart

Dialog - £:0 - Animated Bar Chart (Metric over) — O X

File

Flow Variables Memaory Policy Job Manager Selection

View Title

Project and Maney Used over Time

Select Bars Column

name %

Select Metric for Bars Size

meney used (1000) ~
Sum Values

O
Minimum Amount Threshold

0.0

Select Timestamp

date
Hide Time Label
O
Time Label Granularity

YYY-MM-DD b

Time Label Font Size

245

Time Label Right Padding

oK Apply Cancel IT_‘

Figure 6.28. The configuration window of the Animated Bar

Chart component.

“Animated Bar Chart” verified component creates a bar chart that visually updates starting with

the earliest data until reaching the latest data.

It requires a nominal column, a numeric column, and a datetime column. The configuration

window requires:

138


https://www.knime.com/verified-components
https://hub.knime.com/knime/spaces/Examples/latest/00_Components/Automation/AutoML~33fQGaQzuZByy6hE
https://hub.knime.com/knime/spaces/Examples/latest/00_Components/Financial%20Analysis/Measure%20Fractional%20Years~7VOGYSdO8W1-_eWa
https://hub.knime.com/knime/spaces/Examples/latest/00_Components/Financial%20Analysis/Measure%20Fractional%20Years~7VOGYSdO8W1-_eWa
https://hub.knime.com/knime/spaces/Examples/latest/00_Components/Visualizations/Animated%20Bar%20Chart~p_w4TxcRxUbUguqo
https://hub.knime.com/knime/spaces/Examples/latest/00_Components/Visualizations/Animated%20Bar%20Chart~p_w4TxcRxUbUguqo

Chapter 6. Advanced Dashboards with Composite Views

e “Select Bar Column” (nominal value) for the category,
e “Select Metric for Bars Size” (numeric value) for the measure changing over time,
e “Select Timestamp” (datetime value) for the time values

You can tick the Sum Values option to add an aggregation if needed.

As well, if you set a Minimal Amount Threshold, an aggregation sum lower than this value will
be discarded. Raising this threshold increases the smoothness of the visualization and reduces
the number of animations.

We will use the Projects.txt data and transform the year column which is typically read as an
Integer into a date format, via a String Manipulation node to zero pad the year and then via a
String to Date&Time node to convert it to a Date&Time object.

Once a date column is ready, we will set the following options in the Animated Bar Chart
component using columns from Projects.txt:

", ou

1. “Select Bar Column”: “name” which is a nominal value, i.e., the name of the project
2. “Select Metric for Bars Size": “money used (1000)” which is a numeric value
3. “Select Timestamp”: “date” which is the year as a date value

Workflow: Animated Bar Chart

This workflow illustrates a use case for the Animated Bar Chart which is a verified component.

A date type column is needed for the Animated Bar Chart Remember that you need to be
connected to the internet to
visualize the animated bar char.

CSV Reader Rule Engine String Manipulation String to Date&Time Animated Bar Chart

B, p— —> —> 5] >— —> 53— —».
ooe coe co® (efe] ] coe

read projects.txt generate change year column to change string type to Metric over
month string date format date type Category over
Time

Figure 6.29. Workflow for animating a bar chart.

This allows us to produce a bar chart that shows us the change in money used through time
for each project.

Congratulations for finishing these seven advanced sections. You may have noticed that we
did not touch upon the topic of color which is important when creating dashboards. This was
on purpose. In the final section of this chapter, one of your exercises will ask to create a color
palette option using the Single Selection Widget node. Once you've completed and reviewed
the answers provided for each exercise, you will be able to create interactive dashboards with
a customized experience for internal or external use.
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Project and Money Used over Time Project and Money Used over Time

‘Sochura 1000

Gobi 327

Sahara 320

Tanami 0

2008-03-01 2009-09-01

Figure 6.30. Time elapsing in an Animated Bar Chart interactive view.

6.8. Geospatial Analytics Extension

KNIME software was not born as a data visualization tool, but it is starting to become one. You
can already produce advanced plots and charts and assemble them together to form fancy
interactive dashboards accessible via web browser. The latest addition to the data visualization
extension are the geospatial analytics nodes. Developed by the group of Prof. Guan at Harvard
University, these nodes wrap Python GeoPandas libraries to export geospatial functionality into
the familiar easy to use KNIME GUI. By the way, this is one of the first examples of successful
usage of the latest KNME Python integration, which allows users to create KNIME nodes from
Python code.

Open for Innavation
KN I M E Hub Q. geospatial X = : Signin

KNIME Community Hub > Search

1 result

All s{y Workflows £+ Nodes -1 Extensions

xension KNIME nodes for processing, analyzing and visualizing Geospatial data
= Geospatial Analytics Extension for KNIME . \ . D 3
v
spatialdatalab

Figure 6.31. The extension with geolocation nodes on the KNIMECommunity Hub.

To create geolocation maps in your dashboard, first of all, you need to download and install the
KNIME Geospatial Extension. The geospatial analytics extension has been included into KNIME
Analytics Platform as of December 2020 with version 4.7. On the KNIME Community Hub
search for "geospatial" under the tab "Extensions", then drag & drop the row "Geospatial
Analytics Extension for KNIME” onto your KNIME Analytics Platform to install it.
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Once installed, you should see a folder named “Geospatial Analytics” under “Community
Nodes” in the Node Repository of your KNIME Analytics Platform. This folder contains a very
large number of nodes offering a variety of geolocation functions and we will see just a few of
these nodes in this section.

Note. The visualization nodes of the geospatial Analytics Extension require an internet
connection to work properly, since they need to connect to the underlying dataset to display
the world map.

We will implement two very simple geolocation tasks, just to show how to use these nodes:
e Task 1: Display a place (like a city) on a map
e Task 2: Display a country on a map and overlay a representative point to it.

Besides these very simple tasks, more could be achieved, like for example calculating
distances, analyzing data, and producing models. For the sake of this introduction, however,
we will just show how to display polygons and points on a map.

Task 1: Display a Place on a Map

Let's start with a simple task: the visualization of a place, any place, on a world map. Let's take
the city of Cambridge (MA) as an example. Geolocation is based on two basic shapes: polygons
and dots. Polygons enclose a city or a country within their geographical boundaries; dots
indicate just the location without any information on boundaries.

Let's try to display the city of Cambridge (MA) with its boundaries on the world map. What we
need for this simple task are two nodes: the OSM Boundary Map node and the Geospatial View
node.

OSM Boundary Map

The OSM Boundary Map node relies on | ' Dislog - 4239 - OSM Boundary Map (Cambridge, MA) = m] X
an open map dataset, for example the Il

Open Street Map (OSM) dataset, for
boundary information. The boundary of a
place is expressed via a polygon. The
node receives as input the name of the ok
place — either country, city, or village -

retrieves the required information from  Figure 6.32. The configuration window of the OSM Boundary
the dataset, and produces the Map node.
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corresponding boundary polygon at the output form. Data such as polygons are stored in a new
data type: the Geometry type. The only setting required in the node configuration window is the
place we want to show in the map.

Another interesting node from the OSM dataset is the OSM POls node. This node extracts all
points of interest for a selected category in the region(s) enclosed in the polygon(s) in a
Geometry type column.

Let's add the OSM Boundary Map node to the workflow and let's configure it to export the
polygon around the city of Cambridge (MA). The second node we need is a visualization node:
the Geospatial View node.

Geospatial View

This node displays polygons - via polygon objects in a Geometry column - and points - via
latitude and longitude coordinates - on a world map. The first setting in the configuration
window is the Geometry-type column to use as input for the display.

Besides that, a number of visualization settings are also required, such as tooltip content, size,
color, classification, base map, and legend. The base map is an interesting parameter, since
different types of maps display different representations of the same polygon. For this
example, we chose the Open Street Map for this example.

This node has a preview on the left of the configuration window. This preview can be refreshed
after each setting modification to see the final view. To refresh the preview, just click the button
“Save & Execute”.

To confirm the setting update, click the button “OK” in the lower right corner. If you have
refreshed the preview, the node will then appear as already executed, and the final view would
already be available.

The node has a View, like all visualization nodes. Hover over the node and click the “Open view”
button in the node’s Action Bar. You will get the map with the selection of Cambridge in blue.
Notice the zoom in /zoom out button in the top left corner of the view.
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B Dialog - 4:240 - Geospatial View (display on map) = [m} >
|
Geometry column [

geometry v

B sStroke ©

Marker tooltip columns

Excludes Includes

opox_nortn
ooox_soutn

Please execuie the node to see the preview.

Marker popup columns [

o

Excludes Includes

ooox_north

Save & execute

Size Settings

Marker size column -

o

Figure 6.33. The configuration window of the Geospatial View node.

After execution, the view of the Geospatial View node will show the polygon enclosing the city
of Cambridge (MA) on a world map. The final workflow, named “3. Visualize a place on a map”
and consisting of just two nodes, is reported in the figure above and is available in the Chapter
6 folder.
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8 Interactive View: Geospatial View — (m] X

A N N £ - N __‘ 4
i SN 7 Leaflet | Data by © OpenSireetMap, under ODbL.

Figure 6.34. Cambridge (MA) on a map.

Workflow: Visualize a place on a map

This workflow shows how to visualize a place on a map. It needs only 2 nodes: 0SM Boundary Map and
Geospatial View.

0SM Boundary Map Geospatial View
(o]e] } (o]e] )
Cambridge, MA display on map

Figure 6.35. The minimum workflow to locate and display a place within
its boundaries.
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A final note on these new nodes. The tabs at the top of the configuration window are missing.
To configure your settings via Flow Variables, you need to right-click the node and select
“Configure Flow Variables..”". This will then lead you to the window that overwrites the
configuration settings via Flow Variables. Once a configuration setting has been set via a flow
variable, a little barred square with a red dot at the top appears close to that setting in the
configuration window. This means the node operates based on the value of a Flow Variable for
that setting.

| |8 Dialog - 5:138 - OSM Boundary Map (Extract polygans) - m] X

Input place names O

(' cancel ) ok
,/

Figure 6.36. The circled icon shows that this setting is operated by a
Flow Variable.

Task 2: Visualization of a Country on a World Map

Let's take on a more complex challenge. Let’s visualize a country and a representative point on
it. As an example, let’s visualize Italy. In the OSM Boundary Map node, now we set “Italy” as
setting.

The polygon around Italy is then produced and stored in a Geometry type column. Coordinates
in the polygon are expressed in degrees. We want to pass from the degree system to the metric
system for an easier and more interpretable calculation of distances, for example. The node
that does that is the Projection node.

After that, we want to draw a representative point for the region that we have previously
selected. The node to do that is the Geometry To Point node.
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Projection

The Projection node transforms the
Coordinate Reference System (CRS) of the
Geometry column into a new system
compatible with the metric system, all points
into objects, and all connections into lines.

The configuration window requires the
Geometry type column that we want to
transform and the new coordinate system.
The output data table has the same content as
the input data table, but the Geometry type
column now uses the new reference system.

Geometry To Point

Geometry To Point returns a point
representing each geometry. There are two
types of points: centroids and representative
points. The centroids are calculated and
depending on the shape of the polygon can
happen to be located outside of the region; the
representative points on the opposite are
fixed and are guaranteed to be within each
geometry. All the configuration window needs
here is:

e the Geometry type column containing
the polygons

" ' Dialog - 3:238 - Projection (Project from degrees) = a X
Geometry column
geomstry v ‘
New CRS
2psgi3857 ‘
|
o
Figure 6.37. The configuration window of the Projection
node.
B Dialog - 3:234 - Geometry To Point (centroid) = O X
Geometry column
geometry AV
Selection
() centroid € representative_point
Figure 6.38. The configuration window of the Geometry
To Point node.

e the type of point we want to draw, whether the centroid or the representative point

After execution this node produces a description of the point, including its latitude and
longitude and the point stored in a new Geometry-type column.

The visualization of a point is very tiny and hard to distinguish especially if compared to the
size of the country. So, we use the Buffer node to pad the dot with some extra space on the

map.
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Buffer

The Buffer node pads a point on the map with
some extra space all around. The only settings
required by the Buffer node are:

e the Geometry type column containing
the point

o the buffer size (aka distance)

The Buffer node then transforms the point into

187 Dialog - 3:244 - Buffer (100000) - (] X

Geometry column (21

geometry v ‘
Buffer distance [
-~
‘ 100000 ‘
~

a polygon containing the padd|ng space. This Figure 6.39. The configuration window of the Buffer
polygon is then saved in yet another Geometry node.
type column.

7 Interactive View: Geospatial View

7 Schweiz/ {4
Suisse/Svizzeral
Svizrat o

Shgipériay ¢k yi -

Veriore f e NI {
[y v EiCesepraly
4 MakeAquula

Shaipérialg

Leaflet | Data by © OpenStreetMap, under ODbL.

Figure 6.40. Italy on a world map with its buffered representative point in the middle.

We used a buffer size of 100 000. The output data table thus contains a larger point stored as
a polygon in the new Geometry type column. At this point, we keep all polygons - country and
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representative point — to be visualized, via a Concatenate node, and we feed with those a
Geospatial View node for the visualization. The final visualization is shown in the figure above,
the final workflow named “4. Visualize a country on a map”, is displayed below.

We will stop here for now, knowing that what we have shown is just a little taste of what the
geospatial analytics extension can offer.

0SM Boundary Map Projection N
Concatenate Geospatial View
ar >
q e ~ -
\ . | |~
ooe oce — —
: 00
Italy Project from degrees Geometry To Point Buffer
to meter - / display on map
@ > 0>
ooe coe

centroid 100000

Figure 6.41. Workflow that visualizes a country and its representative point.

6.9. Exercises

Exercise 1

In this chapter, we have learned to use the Single Selection Widget node to create custom menu
options. For this exercise, you will create radio buttons which allow the user to change the color
palette of a simple dashboard. For the dashboard, create a bar graph using the data from the
“used” year columns in the Projects.txt file.

Solution to Exercise 1
We require several nodes contained within a component to achieve this task. Specifically, we
need a:

e Single Selection Widget node to create the selection menu

e Rule Engine Variable node to transform the menu selection into a viable setting

e Color Manager node using the selected setting to implement the desired color palette

e Bar Chart (JavaScript) node to display the bar chart in the desired color palette

e Extract Table Spec node allows us to put the columns in a row format which the Color
Manager will accept.
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I Note. The Single Selection Widget must have re-execution enabled.

Project Report: Money Flow

Choose Palette

() Beld (O Pastel €9 ColorBlind Safe () Custom

Money flow per year by each project (=] =]

©uszed 2007 @used 2008 @used 2009

Elue

Gobi
Kalahari
Kara Kum
La Guajira

Mojave

Project name

Patagonia

Sahara

Sechura

Tanami

White

=
S
=
=

2000

Money

Figure 6.42. The interactive view produced by the Single Selection
Widget node to be created for Exercise 1.
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Component for Composite View

To create a component, select nodes to be included in the combined view. Then right-click and select "Create component”

To arrange various views,

= right-click the component and select Component > Open layout editor, or
« open the component and click on the "Open layout editor” button in the toolbar.

Then you can adjust the placement and size of individual pieces on the report. The resulting composite view becomes a
dashboard when the workflow is executed as a Data App on the KNIME Business Hub.

Component Input

Dashboard Title

Text Output Widget (legacy)

ooe

Project title

Bar Chart (JavaScript)

Single Selection Widget Rule Engine Variable

(ele] ] (o]l }

. Table § Workflow creator Change user choices color M
xtract Table Spec manually edits to text that Color Manager olor Manager
options for user understands
—»
(o]o] | Q0e

color by year

Bar chart of
remaining money
by project by year

Figure 6.43. Exercise 1. Contents of the component implementing the dashboard.

Dialog - 3:118:0:& - Color Manager (color by year) =
File

Color Settings

3 values

selected_column -
is_nominal ~ l:l
palette_option palette chaice o l:l
| T ssines 07 )
II‘ assigned 2008 ~ l:l
II‘ assigned 2009 - l:l
m remain 2007 ~ I:|
m remain 2008 ~ l:l
m remain 2003 e I:|
II‘ used 2007 w l:l
m used 2008 o l:l
[i7 used 2009 w l:l

QK Apply Cancel

@

Figure 6.44. Configuration of the Color Manager's “Flow

Variables” tab.

Component Output

(e]e] }
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The Rule Engine Variable node implements the following rules:

$${Isingle-selection-navigation}$$ = "Bold" => "set 1"
$S${Isingle-selection-navigation}$$ = "Pastel" => "set 2"
$${Isingle-selection-navigation}$$ = "Color Blind Safe" => "set 3"
$${Isingle-selection-navigation}$$ = "Custom" => "custom set"

If the user chooses “Bold”, then the “set_1" option is chosen for the “palette_option” flow
variable within the Color Manager dialog. If the user chooses “Pastel”, then “set_2" is used as
the flow variable, so on and so forth. The flow variable named “palette choice” is what we
defined as the “New flow variable name” within the Rule Engine Variable node.

Exercise 2

The goal of this exercise is to create a dashboard, based on file Projects.txt, with a stacked
area chart to visually show the difference between money used and money assigned per year
and per project. The dashboard must also include the ability to dynamically filter to a distinct
project using text autocompletion. Finally, allow range slider filtering over the amount of money
used.

If that seems difficult then here are a few hints. This exercise has 3 primary subtasks:

e Transform the raw Projects.txt data such that your table contains the sum of money used
and money assigned for each project, per year. The first 7 rows of expected data are
shown below for your reference.

e With the transformed data, add a Refresh Button Widget node and the Autocomplete Text
Widget node. The user should have the ability to refresh the text using the yellow button
and the text chosen by the user must filter the data from raw Projects.txt.

o Finally, add the Interactive Range Slider Widget node.

RowID name reference year Sum(money assigned (1000)) Sum(money used (1000))
String Number (integer, Number (integer) Number (integer)

Row0 Blue 2007 1360 1300

Row1 Blue 2008 1277 1124

Row2 Blue 2009 1565 1650

Row3 Gobi 2007 1203 1220

Figure 6.45. Transformation of the Projects.txt data.

Bonus: For which years was the money used above the value 1000?
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Solution to Exercise 2

First, transform the raw data using the GroupBy node. In the Groups tab, we will group using
the project name and reference year columns. In the Manual Aggregation tab, we will sum the
money assigned and the money used.

Next, we will filter our data, using a Row Filter node, to the project of interest using a
Autocomplete Text Widget node. This node must be connected to a Refresh Button Widget
node so the user can change the selected project at any time.

Next, we will connect to an Interactive Range Slider Filter Widget node which allows us to slide
over money used.

Finally, we will connect our aggregated data to the Stacked Area Chart (JavaScript).

Component for Composite View

To create a component, select nodes to be included in the combined view. Then right-click and select "Create component”

To arrange various views,

« right-click the component and select Component > Open layout editor, or
« open the component and click on the "Open layout editor" button in the toolbar.

Then you can adjust the placement and size of individual pieces on the report. The resulting composite view becomes a
dashboard when the workflow is executed as a Data App on the KNIME Business Hub.

Dashboard Title
Text Output Widget (legacy)

-

ooe

Refresh Button Widget

." Project title

(oo } Nmplete Text Widget
-9
»

coe Interactive Range Slider Filter
Component Input GroupBy Row Filter Widget Stacked Area Chart (JavaScript) Component Output
9
e e R B
ocoe ooe ooe (o]e] } (e]o] ) (o]e] }
_ group by filter to text from Select range on Visualize trending
project name & year; autocomplete widget year_added column

calculate sum of used & assigned money

Figure 6.46. Exercise 2: Contents of the component solution to implement the required dashboard.
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Project Report: Money Flow

Type Project of Interest
sehara

Money Used Range

= =
0 )

@ Sumi(monay assigned (. @ Sum(money used (1000

Woney

2009

2008
Year

Figure 6.47. The dashboard for exercise 2.
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7.1. What is a Loop

In the “Node Repository” there is a full category called “Workflow Control” for logical and control
operations on the data flow. The “Workflow Control” category contains a number of sub-
categories, like:

e “Automation” contains a number of utility nodes to improve the controlled execution and
orchestration of workflows;

“Variables” contains all those nodes that create, delete, and update flow variables
(Chapter 4).

e “Loop Support” contains those nodes that allow the implementation of recursive
operations; that is of loops;

e “Switches” contains the nodes that can switch the data processing flow one way or
another;

e “Error Handling” nodes switch to an alternative workflow branch in case of error

e “Meta Nodes” contains a few pre-packaged commonly used loops, for example to inject
variables or to read all files in a folder.

In this section we will work with the nodes in the “Loop Support” sub-category.

A loop is the recursive execution of one or more operations. That is, a loop keeps re-executing
the same group of operations (the body of the loop) till some condition is met that ends the
loop. A loop starts with some input data; processes the input data a number of times; each
time adds the results to the output data table; and finally stops when the maximum number of
times is reached, or some other condition is met. A loop then has a start point, an end point to
verify that the stopping condition is met, and a body of operations that is repeated. Each
execution of the loop body is called a loop iteration. Loops do not work only on processing
data, but also on flow variables. Similar loops can be constructed to export data or flow
variables. The output data table at each iteration can appended as a column set or
concatenated as a row set to the previous results.

A very commonly used loop iterates across a list of files - for example all files found in a folder
with the “List Files” node - reads the content of each file, and piles up the results into the loop
output data table. This of course works only if all files have a compatible data structure.
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Another example could be to grow an initial numerical
value by the current iteration value for N iterations. If the
initial numerical value is named “inp” and set to 5, at
each loop iteration we add the value of the current
iteration “i" - where “i"=1,2,3,4,5,...N - till “i" = “N". If “N" is
set to 10, the output data table will contain values 5, 6, 7,
8,9, 10, 11, 12, 13, and 14. In this example, the initial
value “inp”=5 can be contained in a flow variable and the
output values can be stacked or appended in a data

table.

Finally, the classic loop example adds one unit to an
integer variable N times. Starting from the variable initial
value, we add 1 at each iteration to the result of the
previous iteration. The loop stops when we have reached
the maximum number of iterations N. The loop output in

START
Input data inp
i=0

out_i = inp+
=i+l (—
—

YES @
STOP
Output data:
out_1, out_2, ... out_N

Figure 7.1. Loop Example.

this case is just one value, i.e., the final sum and not a data table. This one output value could
then be exported as a flow variable rather than as a data table. Notice that in this loop each
iteration works with the result of the previous iteration. While this is common in programming
languages it is less common in data analytics. In data analytics the goal is usually to transform
the entire data set and less often to micro-transform the variables beneath. The KNIME
Analytics Platform has only one loop for this kind of task: the recursive loop.

In KNIME Analytics Platform there are a number of nodes that can be used to implement loops:
either loops on a pre-defined number of iterations or loops that stop when some condition is
met. Loops in KNIME are always built with at least two nodes:

e The node to start the loop

e The node to end the loop

e A few additional but not necessary nodes to build the body of the loop

Note. Not all loops are in the “Workflow Control/Loop Support” category. You will find a few

"n ou

specialized loops here and there in other sub-categories, such as “Ensemble Learning”, “10”,
“Optimization”, and more. Just type “loop” in the search box on top of the “Node Repository”
panel and see how many nodes show up that are implementing some kind of loop.

7.2. Loop with a pre-defined number of iterations

The easiest loop to implement is the loop with a pre-defined number of iterations. That is, the
loop where a group of operations is repeated a fixed number of times.
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In this section we build an example workflow on a data set with 3 clusters distributed across
two variables (see Scatter Plot below). The goal is to produce a copy of this dataset shifted
one unit to the right on the x-axis. Let’s repeat this operation 4 times to obtain 4 copies of the
original three clusters, each copy shifted one more unit to the right than the previous copy. To
build the required 4 copies of the original data set, we introduce a loop with 4 iterations. Each
iteration moves the original data set of “i” units to the right, where “i" is the number of the

current iteration and concatenates the resulting data with the data processed so far.

“-n
|

Figure 7.2. Dataset with 3 clusters across two variables.

In a new workflow group named “Chapter 7", we created a new empty workflow called
“Counting Loop 1”. First of all, the workflow needed to read in the original data set. Since we
did not have such a data set available, we artificially created it by using the “Data Generator”
node.

Data Generator

The “Data Generator” node generates artificial random data normalized in [0,1], grouped in
equal size clusters, and with a fixed number of attributes. Data points for each cluster are
generated following a Gaussian distribution with a given standard deviation and adding a
certain fraction of random noise to the data.
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The “Data Generator” node is located in the “I10” Dialog - 3:23 - Data Generator (3 clusters) - [m] X
-> “Other” category. In order to perform its task, | Fie
the “Data Generator” node needs the following

SettingSI Cluster Countl
3

T Flow Variables Job Manager Selection Memory Policy

e The number of clusters to be created

Universe Sizes

2

The number of space coordinates (i.e.,
n . . ” Pattern Count
Universe Sizes") |

100 |5

The total number of data rows (i.e, Standard Deviaton
“Pattern Count”). An equal number of 0.1}
patterns (= number of data rows/number e )
of clusters) is subsequently generated for =

each cluster. |

Random Seed

43,803,155

The standard deviation is used to '

generate data in each cluster. Notice that R Apply e —

it is the same standard deviation value for

all clusters. Figure 7.3. Configuration window of the Data Generator
node.

e The noise fraction to apply to the
generated data.

e Arandom seed to make this random pattern generation reproducible
The “Data Generator” node offers two output ports:
e One port with the generated data rows, each with its own cluster ID

e One port with the cluster centers in the space coordinates

Note. Data can be generated in more than one universe, each universe with a different
number of clusters and a different number of coordinates.

In case of more than one universe to be created, the cluster counts and the universe sizes are
set as a sequence of comma separated numbers. For example, 2 universes with 3 and 4
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clusters and 2 and 3 coordinates each are described by “Cluster Count” = “3,4” and “Universe
Sizes"="2,3".

# RowID pniverse_o_o Universe__(_)__1 Eluster Membership \T4

mber (double: Number (d = rimey
umbe ouble umber (double <) g

w

(= )

o =] o =] o o ) o ] o ) o

Figure 7.4. Generated random data for workflow "Counting Loop 7.

Universe_0_0 Universe_0_1 Y

Number (doubie, Number (double

# RowlD

Cluster_0 0.376 0.249

2 Cluster 0.734 0.682

Figure 7.5. Cluster centers of the generated random data in workflow
"Counting Loop 7"

We then started the new workflow “Counting Loop 1" with a “Data Generator” node to generate
one single universe with 100 data rows equally distributed across 3 clusters, on a two attribute
space, with a standard deviation 0.1 for each cluster, and no noise added. The node was
commented with “3 clusters, 2 coordinates”. The generated random data and their cluster
centers are reported in the figures below. In order to visualize the data and their clusters, we
added a “Color Manager” node and a “Scatter Plot” node into the workflow. The data
visualization performed with the “Scatter Plot” node on a two-coordinate space -
“Universe_0_0" and Universe_0_1" — is shown in Figure 7.2.

The goal was to generate 4 copies of the original data set and shift each copy one unit to the
right. That is, the first copied data set should be identical to the original data set inside [0,1] x
[0,1]; the second copied data set should be like to the original data set but inside [1,2] x [0,1],
and so on. We then needed a loop cycle to shift the data 4 times, each time to a different region.
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In particular, since we already knew how many times the copy had to be made, we used a loop
with a pre-defined number of iterations, i.e., 4. To move the original data set one unit to the right
4 times, the loop was to add the iteration number to the data set x-values at each iteration.
Thus:

e iteration 0: x =x+0 ->the data set is the exact copy of the original data set
e iteration 1: x =x+1 ->the data set is moved one unit to the right

e iteration 2: x =x+2 ->the data set is moved two units to the right

e iteration 3: x =x+3 ->the data set is moved three units to the right

A loop with a pre-defined number of iterations starts

with a “Counting Loop Start” node. The most generic Counting Loop Start Loop End
loop ending node is the one named “Loop End”. Notice 5 » O >
that the Counting Loop Start node is created with no

input ports and no output ports, while the Loop End 1) o

node is created with just one input port and one output
port. This can be changed by clicking on the plus sign
which appears when you hover mouse pointer over the

Figure 7.6. Counting Loop Start and Loop End
node.

node.

Clicking on the plus sign opens a @-b - -

window to add one input and one Counting Loop Start Counting Loop Start
output port of a predefined type, i.e., { . y

data, database, connections, and so | | AddinpltPort - e @ g
on. Clicking again allows you to add . ) Fe

one more port at the input and at the T d comment Add comment
output and so on, as to obtain a loop B otabae oo

start node as complex as needed.
Clicking on the added port(s) allows ] )
you to remove input/output ports. S -
The same is true for the Loop End
node.

Figure 7.7. Clicking on the plus sign allows to add input ports while
clicking on the added port(s) allows you to remove the port.

Let's add one more data port at the
input and output of the Counting Loop Start node and let’s use the Loop End node as it is after
being created.
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Counting Loop Start

The “Counting Loop Start” node starts a loop with a pre-
defined number of iterations.

That is, it starts a cycle where the operations, between
the “Counting Loop Start” node and the end loop node,
are repeated a pre-defined number of times.

The only setting required for such a loop start node is
the number of pre-defined iterations (“Number of
loops”).

Loop End

The “Loop End” node closes a loop and concatenates
the resulting data tables from all loop iterations. It
requires the following configuration settings:

e The row key policy; that is: keeping the old
RowlDs, make the old RowlDs unique through
suffix, or just generate new unique RowIDs.

e The flag specifying whether to append a column
to the output data set with the iteration number.
Iteration numbers start with 0.

e The flags needed for possible incongruent data
across iterations: empty input tables, different
output column types, and different table specs in
general.

Dialog - 3:34 - Counting Loop Start (4 iteratio... —
File

o x|

| [Standard settings! Flow Varisbles Job Manager Selection Memary Policy

Number of loops Py

oK Apply Cancel

Figure 7.8. Configuration window of the
Counting Loop Start node.

Standard settings Flow Variables Job Manager Selection

Row key policy
() Generate new RowIDs
© Unique RowIDs by appending a suffix

() Leave RowIDs unmodified
Add iteration column
("] Propagate modified loop variables

Ignore empty input tables
(7] Allow variable column types
() Allow changing table specifications

oK Apply Cancel

Memory Policy

Figure 7.9. Configuration window of the Loop

End node.

Note. The “Loop End” node concatenates the resulting data tables produced at each
iteration. However, other loop end nodes can append the resulting data tables as additional

columns, one iteration after the other.

The “Counting Loop Start” node, while starting a loop, also creates two new flow variables: one,

named “currentlteration”,

contains the current iteration number and the other, named
“maxlterations”, contains the total number of iterations.
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So far, we have started and closed a loop with a pre-defined number of iterations, without any
operations in between. We still need to introduce a loop body that moves each copy of the
original data table one step further to the right on the x-axis. To do that, we can exploit the
values in the “currentlteration” flow variable created by the “Counting Loop Start” node. Indeed,
we used a “Math Formula” node where we added the $${Icurrentiteration}$$ flow variable to
the SUniverse_0_0$ attribute (the x-axis) (see configuration window above).

Dialog - 0:33 - Math Formula (x = x + iteration nr) - [m] X

File

Math Expression  Flow Variables Job Manager Selection  Memory Policy
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ROWINDEX Al » =
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Universe_0_0 Function

[D| universe_o_1 ROWCOUNT A

ROWIMDEX
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e
ICOL_MIM{col_name)
(COL_MaX(col_name)
(COL_MEAN(col_name)
ICOL_MEDIAN({col_name)
ICOL_SUM({col_name)
(COL_STDDEV(col_name)
ICOL_VAR(col_name)
In{x)
log{x)

1nfs

Flow Variable List
IE‘ maxIterations
II‘ currentlteration

Expression

1 $Universe @ 8% + $%{IcurrentIteration}$$ ~

() Append Column:

(@) Replace Column: || D | Universe_0 0 ~

[] Convert to Int

oK Apply Cancel @

Figure 7.70. Configuration window of the Math Formula node used to implement the loop body.

In the “Flow Variable List” panel on the bottom left, you can see the two new flow variables
introduced by the “Counting Loop Start” node: “currentlteration” and “maxlterations”. Double-
clicking one of them automatically introduces it in the formula editor with the right syntax. The
same for any column listed in the panel above, named “Column List”.

The math formula SUniverse_0_0$ + S$S${lcurrentlteration}$S overwrites the Universe_0_0
coordinate, effectively moving each copy of the data to the right on the x-axis as many units as
the iteration number.
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Dataset from iteration 0 Dataset from iteration 1 Dataset from iteration 2 Dataset fr terat
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Figure 7.71. Visualization of the data set resulting from the loop implemented by in the “Counting
Loop 1" workflow.

The final data set then consists of 4 identical vertical stripes of data equally spaced in [0, 4] on
the x-axis. We used a “Scatter Plot” node again to verify the new data placement in the final
data table. Finally, the figure below shows the “Counting Loop 1" workflow.

Workflow: Counting Loop 1

This workflow implements a counting loop with 4 iterations.

Some fake data are generated with 3 clusters over 2 coordinates (x,y) in [0,1]x[0,1]. During each loop iteration the input data table is
processed in the loop body and a new data table is produced. The new data table is then concatenated to the previous results in the
Loop End node.

In this particular example, the loop body adds the current iteration number to the x axis at each iteration. For each iteration, the
result is a replica of the original data set but translated along the x axis according to the current iteration number.

Scatter Plot

O

00e

scatter plot
of original data

Data Generator Color Manager Counting Loop Start Math Formula Loop End Scatter Plot
R S =
ooe lole] ) o0e lolo] ) o0e ooe

3 clusters color 4 iterations X =X + iteration nr collect new data set scatter plot

2 coordinates by clusters 01,23 y=y concatenate with of 4 x-shifted

previous ones data sets

Figure 7.12. The "Counting Loop 1" workflow.
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7.3. Dedicated Commands for Loop Execution

Loops have a number of dedicated execution options. The list below shows most commands
available from the Node Action Bar of loop end and loop start nodes and their functionalities.

Loop End nodes

e “Execute” (second from the left) runs the whole loop with all root:37
required iterations. To execute the whole loop you need to select &~ - - ~I¢
“Execute” in the loop end node I:op ET

e “Cancel” (fourth from the left) stops the loop execution and resets
the loop

e “Reset” (fifth from the left) resets all nodes in the loop

“ C o feps Figure 7.13. Node Action
e "Step Loop Execution” (third from the left) executes the next 100p  ga/ of the Loop End

iteration and pauses at the end, allowing the visualization of the node.
intermediate results in the loop body.

Loop Start nodes

o “Execute” only executes the loop start node, i.e. it only transfers the input data into the
loop

e “Cancel” stops the loop execution and resets the loop
e “Reset” resets all nodes in the loop

To reset the loop, it is enough to select the “Reset” option in the context menu of any node in
the loop, including the loop start, the loop end node, and any node in the loop body. The last
three options in the loop end nodes — Pause, Resume, and Step Loop Execution — make loop
execution very flexible and easy to debug.

Note. It might be necessary, in some cases, to execute the loop nodes manually for the first
time to be able to configure them properly.
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7.4. Appending Columns to the Output Data Table

In section 7.2 we have seen that the “Loop End” node concatenates together the data tables
produced at each loop iteration. A part of the output table of the “Loop End” node in the
“Counting Loop 1" workflow is shown below. The last column of the data table, named
“Iteration”, is created by the “Loop End” node (if specified so in the configuration window), and
shows the iteration number during which each data row was created.

Table ©

Universe_0_0 Universe_0_1 Cluster Membership iteration

<

Figure 7.74. Output table of the Loop End node in the "Counting Loop 1" workflow.

However, sometimes we might like to append the data table resulting from each iteration as
new columns to the previous results. That is, at each iteration new data columns are generated
and appended to the current output data table. The figure below shows an output data table
where column “Cluster Membership (lter #1)” contains the data generated from column
“Cluster Membership” at the end of loop iteration number 1, and column “Universe_0_0 (lter
#2)" contains the data generated from column “Universe_0_0" at the end of loop iteration
number 2, and so on.

P 1: Collected results

_0_1 (tter #1) Cluster Membership (Iter #1) _ ~ Universe.  0_0 (iter #2) Universe_0.1 (iter #2) ,  Cluster M1

Figure 7.15. Output table of a Loop End node where the data resulting from each iteration are appended as new
columns.

In order to demonstrate how such a loop output data table has been produced, we slightly
modified the workflow used in the previous section and renamed it “Counting Loop 2". The
“Counting Loop 2" workflow is in general identical to the “Counting Loop 1" workflow except
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for the choice of the loop end node. Here, instead of using the generic “Loop End” node, we
used the “Loop End (Column Append)” node.

Loop End (Column Append) . 0 x

Dialog - 3:35 - Loop End (Column Append) (coll...
File

The “Loop End (Column Append)” node
marks the end of a loop and collects the |
resulting data tables from all loop iterations.
At each iteration, the output data columns are
appended as a set of new columns to the
output data table collected so far.

f[h'h'b"éﬁﬂ Eﬁ.ﬁ-ﬁﬁ&éﬁaﬁ_ﬁ Flow Variables Job Manager Selection Memory Palicy

| Loop has same RowlDs in each iteration

This node requires minimal configuration, |[/?epasste modfied ioop variables
just a flag on whether to keep the same |
RowlIDs at each iteration. This flag, when

enabled, speeds up the joining process of the | oK Apply Cancel

new data columns to the table of the so far — e ———

collected results. Figure 7.16. Configuration window of the Loop End
(Column Append) node.

The “Loop End (Column Append)” node is the
appropriate choice to close a loop, if the columns produced by the loop body are supposed to
be appended to the output table.

By using the “Loop End (Column Append)” node to close the loop in the “Counting Loop 2"
workflow, the data table in Figure 7.15 is generated after the loop execution. Here an x-shifted
copy of the original data set is generated at each iteration and then appended as a new set of
columns to the current output data table.

Notice that the “Scatter Plot” node at the end of the “Counting Loop 2" workflow can only
visualize two coordinates at a time and therefore we cannot have the full visualization of the
results of all loop iterations as in Figure 7.11. Thus, in the Scatter Plot below we visualized
“Universe_0_0 (iter #2)” vs. “Universe_0_1 (iter #2)" with a scatter plot. There you can see that
the x-range falls in [2,3] and not in [0,1] like for the original data set.
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Scatter Plot = U B Data

Horizontal dimension

Universe_0_0 (Iter #2) A4

[} Vertical dimension

Color dimension

Cluster Membership A4

Max rows

2500

* o Plot

® Ls) Title

e o Scatter Plot

L4 L] Axis limits

e
@ Cluster 0 Cluster_1 @ Cluster_2 s

Figure 7.17. Scatter Plot of the data table generated by loop iteration #2 results.

Note. The “Loop End (Column Append)” node appends all columns produced in the output
table, not only the processed ones. Therefore, the input columns, if not removed with a
“Column Filter" node, will appear multiple times (as many times as many iterations)
unaltered in the final output table.
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Workflow: Counting Loop 2

Similarly to workflow Counting Loop 1, this workflow implements a counting loop with 4 iterations

The only difference is in the Loop End node which appends the resulting data tables instead of concatenating them. To do that it uses a different Loop End
node named Loop End (Column Append).

Scatter Plot Scatter Plot
-0 -
ce (ele] )
scatter plot scatter plot of iter 2
of original data x-shifted dataset
(check x-axis range)
Data Generator Color Manager Counting Loop Start Math Formula Loop End (Column Append) CSV Writer
- > =
(y,b >' > I > > {0 > > (s »— —>=
ele] ) coe oce (o] ) ofe] ] ooe
3 clusters color 4 iterations X = X + iteration nr collect new data set write results
2 coordinates by clusters 01,23 y=y and append to to KALdata

previous ones

Figure 7.18. Workflow "Counting Loop 2".

7.5. Loop on a List of Columns

Let's suppose now that we want to create two more shifted data sets but shifted differently on
the x-axis and on the y-axis, and that we also want to append the new columns to the resulting
data set. We could, of course, modify the “Counting Loop 2" workflow to iterate only twice and,
depending on the iteration number, apply custom x- and y-shifts to the data set. We could also
use a loop that iterates on a list of selected columns.

A loop that iterates on a list of columns starts with a “Column List Loop Start” node. This kind
of loop iterates across all columns, one by one, and runs the group of operations specified in
the body loop for each column. The loop then can end with a “Loop End (Column Append)”
node or just with a “Loop End” node, depending on how we would like to collect the results in
our final data table.

In order to demonstrate how to implement a loop that iterates over a list of columns, we created
a new workflow named “Loop on List of Columns”.

This workflow reads the data set produced by the “Counting Loop 2" workflow, including the
original data set and 3 copies of the same data set differently shifted across the x-axis. The
goal here is to multiply the x-axis of each iteration set by a different numerical factor. How do
we identify each iteration set? If you remember, the “Loop End (Column Append)” node was
renaming columns with duplicate names by appending a “(Iter #n)” suffix to the column name.
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Thus, data set columns from iteration n are identified by the suffix “(Iter #n)” in the column

names.

The goal is to multiply the x (“Universe_0_0") and y (“Universe_0_1") value of each iteration set
by the iteration number in the column name plus one. So, “Universe_0_0 (lter #2)” and
“Universe_0_1 (Iter #2)" should both be multiplied by 3, while “Universe_0_0" and
“Universe_0_1" by 1 and so on. To define the correct multiplying factor, we need to work on
each column name String and extract the number in the “Iter #” suffix. Once we have it, we need
to multiply all values in that column by the associated numerical factor (= iteration number in

column name +1).

Column List Loop Start

The “Column List Loop Start” node iterates over a list of columns in the input table, one by one.

The columns on which to iterate are selected in the configuration window by means of an
“Exclude/Include” framework. Columns can be included manually, through wildcard and regex

selection, or based on type.

The “Column List Loop Start” node separates the columns in the input data table into iteration

columns (“Include” panel) and non-iteration columns (“Exclude” panel).

Dialeg - 0:39 - Column List Loop Start (on two celumns:) - [m]
File
Standard settings  Flow Variables Job Manager Selection  Memory Policy
(C) Manual Selection (®) Wildcard/Regex Selection (C) Type Selection
Pattern: | njverse®
(@ Wildeard (@ (O Regular expression Case Sensitive

rMismatch (Excude) rMatch (Include)

@ Cluster Membership D | Universe_0_0
D | Universe_0_1
D | Universe_0_0 (Iter #1)
D| Universe_0_1 (Tter #1)
D | Universe_0_0 (Tter #2)
D | Universe_0_1 (Iter #2)
D | Universe_0_0 (Iter #3)
D| Universe_0_1 (Tter #3)

Ifinclude column list is empty:

(®) Run ane iteration

() Fail
oK Apply Cancel @

Figure 7.19. Configuration window of the Column List Loop Start node.
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At each iteration, the non-iteration columns are processed and appended to the resulting data
table together with the current iteration column, while all other iteration columns are excluded
from the results.

Additionally, a strategy can be defined in case the iteration column is empty.

We used a “Column List Loop Start” node to iterate on the different columns of the input data
set. The configuration window includes all “Universe*” columns in the iteration group and
excludes only the column named “Cluster_Membership”. Such inclusion could be performed
manually (those are not that many columns) or using the wild card-based selection. In the case
of the wildcard-based selection, “Universe*” should be used as pattern with wildcard to match
the column names. After execution, the “Column List Loop Start” node produces two flow
variables: “currentlteration” with the current iteration number and “currentColumnName” with
the name of the current column in the loop.

Our goal included the structure of the final table to be identical to the structure of the input
table, only with different values in each column. In order to append the data columns into the
same position as in the original table, the loop was closed with a “Loop End (Column Append)”
node.

The loop was built with two parallel branches.

e One branch defines the multiplying factor. That is, it checks the flow variable
“currentColumnName” for the presence of “#”; it then extracts the character following the
position of “#”; if “#” was not found, default multiplying factor is 0, otherwise is the number
following “#”; the last step is to add +1 to the multiplying factor. All of this is obtained with
three “String Manipulation” nodes, one “Math Formula (Variable)” node, and one “Rule
Engine Variable” node. This whole part has been grouped under a metanode named
“define factor”.

e One branch eliminates “Cluster_Membership” column from the iteration set, renames the
current column to an anonymous “temp_column”, applies the multiplying factor from the
parallel metanode, and changes the column name back to its original one.

String Manipulation (Variable) ~ String Manipulation (Variable) Rule Engine Variable String Manipulation (Variable) Math Formula (Variable)
y 'ISIV o— —C r(ﬂv *— —0 ¥ o— i) fl!l' *— —t n:x& @

(] (-] o (] (]

extract extract substring if factor=U=>0 tolnt(factor) factor =
index of # starting at otherwise factor +1
in currentcolumnname # kE’ED asis

”

Figure 7.20. Content of metanode ‘“define factor”. “String Manipulation (Variable)” node detects “#” in column name
via the ‘indexOf()” function, it then extracts the number following “#” if any; if no number, “factor” is 0 otherwise is the
detected number; finally the “‘Math Formula (Variable)” node adds +1 to flow variable “factor”.
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Renaming the current iteration column to “temp_column” is necessary to allow the “Math
Formula” node to work on any input column independently of its name. The renaming process
is carried out through a “Column Rename” node using the value in the flow variable
“currentColumnName” to overwrite the “old_column_name” setting. The inverse renaming
process is carried out again through a “Column Rename” node using the value in the flow
variable “currentColumnName” to overwrite this time “new_column_name” in the configuration
settings.

Dialog - 5:63 - Column Renamer (current column name) - O X

File

Flow Variables  job Manager Selection Memary Policy

=-[ 7] renamings
={?]o
lg‘ oldName lg‘ currentColumniName

lz‘ newName

oK Apply Cancel

Figure 7. 21. Value of flow variable “currentColumnName” overwrites
configuration setting ‘new_column_name” in the last “Column Rename”
node.

After the column is renamed, it is presented to the “Loop End (Column Append)” closing node,
to be appended to the other already processed data columns. Finally, a “Joiner” node rescues
the “Cluster_Membership” data column from the original data table. This will be used for
coloring in the “Scatter Plot” node.

The two following Scatter Plots use the newly generated columns “* (Iter #2)” and “*(Iter #3)”
multiplied by different factors. The shape looks similar but the x- and y-range are different.
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Figure 7.22. Data points from altered “Iter #2” columns. Notice the range of the axis and
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Figure 7.23. Data points from altered “Iter #3” columns. Notice the range of the axis and

compare with plot above.
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7.6. Loop on a List of Values

Let's now use the “sales.csv” file from the KALdata folder that we have used in some previous
sections. The goal of this section is to calculate some statistical measures about the sales in
each country.

e The statistical measures for both numerical and nominal columns are calculated through
a “Statistics” node.

e Data about each country are isolated through a “Row Filter” node.

e The list of unique countries included in the data column “country” is extracted with a
“GroupBy” node using the “country” column as the group column and no aggregation
columns. A “GroupBy” node with only one group column and no aggregation columns
produces the list of unique values available in the group column.

Workflow: Loop on List of Columns

This workflow reads the dataset created by the the workflow named Coun

1. Of all th

r_Membershij

fferent ter i) are then pro

and one by one we proces:

To do that we loop over all colum

Scatter Plot define factor

o/

CSV Reader Color Manager Column Filter Column List Loop Start Column Filter Column Renamer Math Formula Column Renamer Loop End (Column Append)
@ °

B » n > it > [ » > it > {3 > 130> > {3 > (>
o L L] L] L] ° ° L o

column = curre

Figure 7.24. Workflow "Loop on List of Columns”.

What we are still missing is a loop that allows us to iterate over all countries in the list and to
calculate the sales statistics for each country at each iteration.

In the “Workflow Control” -> “Loop Support” category, the node “Table Row To
Variable Loop Start” starts exactly the kind of loop that iterates across a list of values.

Table Row To Variable Loop Start

The “Table Row To Variable Loop Start” starts a loop that iterates on a list of values.
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This node takes a data table at the input port and, row by row, transforms the data cells into
flow variables with the same name as their column name. At the next iteration, the flow
variables update their value with the next value from the corresponding column.

The Table ROW TO Varlable Loop Start node B ' Dialog - 6:37 - Table Row to Variable Loop Start (start... = m] X
requires the following settings: | Outputas variables

e a handling strategy if the field to be Output as variables
transformed into a variable has a missing @D o e e
value. Such strategy can be drastic, such as: Q s .

o fail the node execution or ERchiles neludes
o omit the creation of the variable

or can be more tolerant and keep the node
running and still create the desired flow
variable. It just fills it with a fictitious value,
such as:

&«

Missing Values

o a fixed string value

If value in cell is missing

o oranumber fixed value grore

Default string

e the selection of the input fields to be
transformed into flow variables. This is
achieved as usual via an exclude/include Default boolean

frame. -

Default integer

The loop performs as many iterations as the
number of rows in the input table at the loop start
node Default long

In a new workflow named “Loop on List of

Values”, we started by reading the data from the  p.rauit dousie
“sales.csv” file with a “File Reader” node. After
that, we isolated the data column “country” with a
“Column Filter” node and we built the list of
countries with a “GroupBy” node using “country”
as group column and no aggregation columns.
The output data table of the “GroupBy” node
contains just one column named “country” with a
list of unique country values. This is the input data table of the “Table Row To Variable Loop
Start” node.

( cancel ) ok
\. Y,

Figure 7.25. Configuration window of the Table Row
to Variable Loop Start node.

If we execute the “Table Row To Variable Loop Start” node and look at the output port view
(right-click the node to open its context menu and select the option “Variable Connection”), we
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can see that there is a new flow variable named “country” with value “Brazil” and that the current
iteration is numbered 0. “Brazil” was indeed the first value in the “country” column in the input
data table.

We closed the loop with a generic “Loop End” node with two input and two output ports.

Note. Remember that you can add input and output ports to the “Loop End” node by clicking
the three dots in the lower left corner of the node and selecting “Add Collector Port”.

If we now run “Step Loop Execution” from the context menu @ > ™

of the “Loop End” node, at the second iteration we see thatthe | LoopEnd ik
flow variable named “country” takes the next value in the input d ¢ - éo :
list: “China”, and so on. i ol g

We still need to build the body of the loop. The goal was to collect stats collest stats

. for all countries for all countries

isolate the data rows for each country, to calculate the

statistical measures through a “Statistics” node, to add the //gure 7.26. Adding one more port to
. the Loop End node.

country to the measures, and to export the final results. After

the “Table Row To Variable Loop Start” node and before the “Loop End” node, we introduced a

“Row Filter” node to select only the data rows for the current value of the flow variable “country”;

a “Statistics” node to calculate mean and variance and other statistical measures on the

selected data group; and a “Variable to Table Column” node to add the current value of flow

variable “country”.

The execution of a loop on a list of values can become quite slow, if the data set to loop on is
] aria t & Flow Variables
(O Open in new window

Owner ID Data Type Variable Name Value

knime.w C:\Users\elisabeth.richter\KNIME\knime-workspace

Figure 7.27. Output port view from the context menu of the Table Row To Variable Loop Start node.

very large and the list of values is quite long. One way to make the workflow execution faster
is to cache the data group. There is a node that is used to cache data: the “Cache” node.

Cache

The “Cache” node caches all input data onto disk.
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This is particularly useful when the preceding node performs a column transformation. In fact,
many column transformation nodes only hide the unwanted part of the input data, showing
what the result should be but really keeping in memory the whole input data table. For example,
a “Filter Column” node just hides the unwanted columns from the output.

A “Cache” node instead caches only the visible data from the input table. Therefore, a “Cache”
node after a “Column Filter” node loads only the visible input data and this might make the
workflow execution faster, especially with loops when a data table is iterated many times.

The “Cache” node does not require any configuration settings.

A “Cache” node was inserted inside the loop after the “Row Filter” node to speed the loop
execution at each iteration.

The “Statistics” node has three output ports:
e the top port for the statistics on numerical columns,
e the lowest port for the statistics on nominal columns,
e the port in the middle for the histogram tables.

Our goal is to collect the statistical measures for both nominal and numerical columns. We
need then a loop end node capable to collect two data flows. The “Loop End” node can do
exactly that. It has two input ports and two output ports. It collects the loop results from two
different branches at its input ports and produces the concatenated data tables at the output
ports.

The final version of the “Loop on List of Values” workflow, named “filter by country”, is shown
in the figure below.
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Workflow: Loop on List of Values

This workflow loops over a list of unique values, in this case over a list of countries.

The goal of the workflow is to identify the countries included in the file sales.csv and calculate some statistics on sold products for each one of these countries. First we read the
data and we isolate the list of unique countries using a GroupBy node with group column "country” and no aggregation parameters. Then we pass the list of countries to a Table
Row to Variable Loop Start node. This node takes the country one at a time and passes it to the loop body. In the loop body the data about the current country are isolated and
statistics on sold products is calculated. Finally stats numbers are collected in the Loop End node (2 ports).

Column Filter GroupBy Table Row to Variable Loop Start Variable to Table Column
Oj
> i e o e "."_[|>
O0® ooe coe ooe
CSV Reader keep only get list of countries start loop on Row Filter cache Statistics stats on Loop End
"country”  unique values in "country” list of unique values @ & numericals > >
in “country” =+
&, > ¥ > » > ’ (=
> >
coe ooe ooe coce Variable to Table Column ooe
sales.csv extract data for  for execution speed O collect stats
, . ¥ »
current “country > for all countries
oe
stats on
nominals

Figure 7.28. Workflow "Loop on List of Values".

7.7. Loop on Data Groups and Data Chunks

In the previous section we have isolated the list of countries and calculated a few sales
statistics for each one of them. Now, would not that be much easier to loop on the groups
directly? The “Group Loop Start” node identifies unique values in a selected data column,
extracts the associated groups of data rows in the input data table, and loops over them. This
makes the task described in the previous section even easier!

Instead of having a “Table Row to Variable Loop Start” node followed by a “Row Filter” node
and a “Cache” node like in the previous section, we just introduced a “Group Loop Start” node.
The “Group Loop Start” node was set to loop on unique values in the “country” column, i.e., on
the groups of data defined by each country value.

The loop body was then again made by the “Statistics” node and the two “Variable to Table
Column” nodes to append the current country name to the resulting data tables. The loop was
then closed with a “Loop End” node with two ports.

Group Loop Start

The “Group Loop Start” node starts a group loop. It identifies a list of unique values in one or
more of the input data columns, detects the groups in the input data table associated with each
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one of these values, and iterates over those groups. The configuration window of the “Group
Loop Start” node requires the data column(s) from whose values to build the data groups.

The column selection is obtained by means of an Exclude/Include framework. Columns can be
included manually, based on a wildcard or regex expression, or based on type. Data columns in
the “Include” frame will be used to group the data rows; those in the “Exclude” frame will not.
In case of manual selection, “Enforce Inclusion” and “Enforce Exclusion” add possible new data
columns to the “Exclude” frame or to the “Include” frame respectively.

Since the “Group Loop Start” node is equivalent to the “Table Row to Variable Loop Start”
followed by a “Row Filter” node, the output data tables produced by the “Loop End” node should
be identical in this new workflow — named “Loop on Groups of Data” — as in the workflow
generated in the previous section — named “Loop on List of Values”.

The “Workflow Control” -> “Loop Support” category includes a type of loop similar to the loop
on groups: the loop on chunks. This loop divides the input data table into smaller pieces
(chunks) and iterates from the first piece to the last one till the end of the data table has been
reached. So, for example, a data set with 99 data rows can have 3 chunks of 33 data rows each.

The biggest advantage in using a chunk loop is not in the number of iterations on the input data

Dialeg - 0:32 - Group Loop Start — [m| X

File

Options  Flow Variables Job Manager Selection  Memory Policy

(®) Manual Selection () Wildcard/Regex Selection () Type Selection
r Excude - Indude

Y riter Y Aiter

ﬂ product > S | country
g date

| ti
J quantity »
ﬂ amount

g card

<«

(®) Enforce exdusion () Enforce indlusion

[] input is already sorted by group column(s) [execution fails if not correctly sorted]

oK Apply Cancel 6]

Figure 7.29. Configuration window of the Group Loop Start node.

set, since it only covers the input data set once, but the speed. Indeed, processing smaller
chunks of data at a time speeds up execution. A second advantage in using a chunk loop is
that different processing can be applied to different chunks of data. A chunk loop starts with a
“Chunk Loop Start” node and ends with any of the loop end nodes.
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Chunk Loop Start

Dialog - 0:31 - Chunk Loop Start (numbero...  — O X
File

The “Chunk Loop Start” node starts a chunk loop.

Configuration  Flow Variables Job Manager Selection  Memory Policy

It divides the input data table into a number of @ Rows per chunk 1R
pieces (chunks) and iterates over those chunks.

The configuration window of the “Chunk Loop

" ) (O Mo, of chunks 1o
Start” node requires:
e Either the (maximum) number of data rows
in each chunk
oK Apply Cancel (E

e Orthe number of chunks

Figure 7.30. Configuration window of the Chunk Loop
Start node.

We created a new workflow named “Chunk

Workflow: Loop on Groups of Data

This workflow loops over a list of unique data groups. In this case the data groups are identified by country.

This workflow implements the same task as the workflow named Loop on List of Values, but in a more efficient
manner. Here we use a single loop start node to isolate the list of unique countries and to loop over them to calculate
the statistics for each country: the Group Loop Start node.

Variable to Table Column

O
V|
>
o
/ 00
CSV Reader Group Loop Start Statistics Loop End
[ stats on > >
numericals
= > E > b! > o >
Variable to Table Column
coe ooe coe S g (ofe] ]
V|
sales.csv > '-D > collect stats
for all countries
efo] )
stats on
nominals

Figure 7.31. Workflow "Loop on Groups of Data’. This workflow performs the same
task as the workflow named “Loop on List of Values”.

Loop”. This workflow uses the same data generated by the “Data Generator” node named “3
clusters, 2 coordinates" described in section 7.2. We set the “Data Generator” node to produce
99 data rows distributed across 3 clusters along 2 coordinates. The original data set then
contains 33 data rows for cluster 1, 33 data rows for cluster 2, and 33 data rows for cluster 3
and defining chunks of 33 rows fits the clusters size perfectly.

We implemented a chunk loop on chunks of 33 data rows. For each chunk, we shift the data
along the x-axis of as many units as the iteration number. This translated into:
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A “Chunk Loop Start” node to start the chunk loop, with “Rows per chunk” set to 33;

A “Math Formula” node with “SUniverse_0_0$ + $S${lcurrentlteration}$$” where
SUniverse_0_0$ is a data column and {lcurrentlteration}$$ the loop flow variable

e Ageneric “Loop End” node to close the loop and concatenate the results of each iteration.
e Wethen inserted a “Scatter Plot” node to visualize the final data table.

The “Chunk Loop” workflow as well as the dataset before and after the progressive shifting is
shown below.

Workflow: Chunk Loop

This loop iterates over the input data table just once from beginning to end.

It divides the data table in smaller chunks and iterates on each of them until the end of the data is reached. Processing smaller chunks
of data at a time speeds up execution.

This is is not a real loop, since it does not allow for multiple iterations on the data table. It is just a way to process the whole data table

faster.
Scatter Plot
-0
[ ocoe
/
/ original data plot
Data Generator Color Manager /  Chunk Loop Start Math Formula Loop End Scatter Plot
» - ~
@, »' —> = —> 1) > > (o p— »Dﬁ
> i =
(oJol ] 00e 00e 000 00e 00e
3 cluster color number of chunks X = x+iteration no end loop x-shifted data plot
2 coordinates by cluster or

rows per chunk

Figure 7.32. Workflow "Chunk Loop".
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Figure 7.34. Progressively x-Shifted Data Set after executing the workflow “Chunk Loop”.
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Another node in the “Loops” category that might be worth mentioning is the “Breakpoint” node.
The “Breakpoint” node can be inserted in a loop body and, while it does not process data, it
might give some control on the loop execution.

Breakpoint

The “Breakpoint’” node prevents the loop | Peoe o9 Breskeent oo

File
execution when the input table fulfills a user-
specified condition, like for example the input

data table is empty or a variable matches some N
Set Value © empty table () active branch () inactive branch () variable matches value

Options  Flow Variables Job Manager Selection Memory Policy

Breakpoint Enabled

. " . Ject Variable: currentlteratior
The configuration window then needs: = L

Enter Variable Value: |0

e The flag enabling the breakpoint [ElaEear Breakpoint halted excautior

e The condition for which the breakpoint has
to become active and disable the loop

execution (like for example an empty input  Figure 7.35. Configuration window of the Chunk Loop
data table) Start node.

oK Apply Cancel

e The name of the flow variable and its breakpoint value if the “variable matches value”
condition has been selected.

7.8. Keep Looping till a Condition is verified

In the first sections of this chapter, we have seen how to repeatedly execute a group of
operations on the input data for a pre-defined number of times. However, there are other cases
where we do not know upfront how many iterations are needed. We only know that the loop
has to stop when a certain condition is met.

In this section, we are going to show how to implement the second solution: iterating till a
condition is met. In order to implement a “do-while” cycle, i.e., a loop that iterates till a condition
is met, we use the “Generic Loop Start” node to start the loop and the “Variable Condition Loop
End” to end the loop and collect the results.
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Generic Loop Start

The “Generic Loop Start” node, located in the “Workflow Control” -> “Loop Support” category,
starts a generic loop on all data rows without any previous assumptions and, because of that,
it needs no configuration settings.

The “Generic Loop Start” node starts a generic loop on all data rows without any assumptions.
The “Variable Condition Loop End” implements the stop condition and checks it at the end of
each iteration. If the loop condition is verified the “Variable Condition Loop End” ends the loop
and makes the results, collected till now, available at the output port. Otherwise, it passes the
control back to the loop start node and proceeds with the next iteration.

Variable Condition Loop End
Dialog - 9:97 - Variable Condition Loop End... ~ — O X
The “Variable Condition Loop End” |Fie
implements a condition to terminate a
loop. At the end of each iteration the
condition is evaluated and, if it is true, the
loop is terminated, and the collected
results are made available at the output

Flow Variables  Job Manager Selection  Memory Policy

Available flow variables IZ‘ success i
Finish loop if selected variableis = -~ |1

] Propagate modified loop variables |
Collect rows from last iteration
port' [ Collect rows from last iteration only
Add iteration column

The terminating condition can only be
implemented on a flow variable. The
configuration window then requires:

-~

oK Apply Cancel |

e the flow variable on which the Figure 7.36. Configuration window of the Variable Condition
condition is evaluated Loop end node.

¢ the condition (i.e., comparison operator + value)

o a few flags to exclude or only include the last iteration results and/or to append the
iteration column

A second output port shows the progressive values of the flow variable used to implement the
loop condition throughout the loop iterations.

Note. The terminating condition can only be implemented on one of the flow variables
available to the “Variable Condition Loop End” node. This means that the flow variable for
the loop condition has to be defined before the loop end node is reached. It can of course
be updated at each iteration.
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In order to show how such a loop can be implemented, we created a new workflow under the
“Chapter7” workflow group, and we named it “Loop on Condition”. This workflow implements
a game. | think of a number and write it into the “Table Creator” node. Then | prompt the user
to guess it. The user can try a new guess three times, after which the game just ends either
way.

This workflow starts with a 7able Creatornode containing my mystery number. Then a Generic
Loop Startnode starts the guessing loop. In the loop the user is prompted to guess the number
through a String Widget node. Guess and number are compared in a Rule Engine Variable node
that produces 1 if the guess was correct OR the number of iterations was > 2, 0 otherwise. The
result is stored in a flow variable named “success”. The loop should terminate when success =
1. This condition is checked in the “Variable Condition loop End” node that closes the loop and
the workflow.

Workflow: Loop on Condition

This workflow implements a loop cycle on condition, that is a loop that stops when a given condition is met.

It is a game. | think of a number and write it into the Table Creator node. Then | start the loop with a Generic Loop Start node. In the loop, | prompt the user to
guess the number | thought of. He should write his guess into the String Widget node. If the answer is not right, the user is prompted again till the answer is
right OR he has already tried 3 times.The condition is built by the Rule Engine Variable node into the flow variable "success" and verified by the Variable
Condition loop End node. If the condition has been met, the loop stops.

This workflow should be executed as a Data App on the KNIME Business Hub since there the Quick Form node makes the workflow stop to collect the user
guess at each iteration.

Table Row to Variable  String Widget Rule Engine Variable
L ]
> o =o oY e
ooe 00e o]
. correct try to guess Variable to Table Column  guess = correct answer? ~ Variable Condition Loop End
Table Creator ~ Generic Loop Start/ answer > 3 iterations? ®

- N 1= >

8, » > = b > >
) ] 00e
)00 )00
append “guess” to repeat till guessed
Solution repeat till guessed correct answer or attempts > 3
or attempts > 3 to display collect list of guesses

Figure 7.37. Workflow "Loop on Condlition".

Note. Like other loop end nodes, the Variable Condition Loop End node introduces a few
new flow variables related to the loop execution, like “currentlteration” which contains the
current iteration number.

Both the Variable Condition Loop End node and the Generic Loop Start node can add and
remove ports through their three dots placed in the lower left corner.
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7.9. Recursive Loop

All loops described in the previous sections do not change the content of the loop input data
table across iterations. At each new iteration the input data table is unchanged. Each iteration
might extract a different part of the input data table, but the data table itself is always the same.
For example, the counting loop loops a number N of times on the same input data table. That
is, all so far seen loops do not have memory.

In the workflow named “Counting Loop 1” and implemented in section 7.2 the iteration number
is added to the initial x values. In this section, we want to re-elaborate that workflow as to
increment the x values in the input data one more unit at each new iteration. Therefore, we need
a loop that can pass the incremented x-values back to the loop start: that is we need a loop
with memory. There is only one such a loop in the KNIME Analytics Platform: the recursive loop.

A recursive loop starts with a “Recursive Loop Start” node and ends with a “Recursive Loop
End” node. The particularity of this loop lies in the loop end node. The “Recursive Loop End”
node has two input ports: one to collect the iteration output data table (like all other loop end
nodes) and one to pass the processed data back to the loop start node as the new input data
for the next iteration. The recursive loop node pair enables the passing of a data table from the
“Recursive Loop End” node back to the “Recursive Loop Start” node. The output data table
collected at the current iteration may or may not be the input data table for the next iteration.
Hence the two distinct input ports of the “Recursive Loop End” node.

We copied the old “Counting Loop 1” workflow and renamed it “Recursive Loop”. As in the
original workflow, the “Data Generator” node generates 100 data rows distributed across 3
clusters along two coordinates (“Universe_0_0" and “Universe_0_1"). However, instead of the
counting loop we introduced a recursive loop, with a “Recursive Loop Start” node and a
“Recursive Loop End” node with maximum number of iterations set to 4.

The goal of this loop is to increment the initial x-values (“Universe_0_0") 1 unit at each iteration.
So, the loop body was implemented through a “Math Formula” node with mathematical
expression “SUniverse_0_0$ + 1”, that is adding one unit to all x-values at each iteration. As
usual two “Scatter Plot” nodes show the data cluster distribution before and after the loop.

Recursive Loop Start

The “Recursive Loop Start” node starts a recursive loop and must be used together with a
“Recursive Loop End” node.

The “Recursive Loop Start” node and the “Recursive Loop End” node communicate with each
other at the end of each iteration. At iteration 0 the “Recursive Loop Start” node uses the input
data able to feed the loop body. After iteration 0, the “Recursive Loop Start” node feeds the loop
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body with the data table received from the second input port of the “Recursive End Loop” node.
No configuration settings needed.

Recursive Loop End

The nRecurSIVe LOOp Endn node C|OS€S a Dialog - 10:38 - Recursive Loop End (pass back) - [m] X |
File
recursive loop, started by a “Recursive Loop =
” “« . ” 1 Settings; Flow variables Job Manager Selection Memary Policy
Start” node. The “Recursive Loop End” node has = -~
tWO input pOf'tS. Minimal number of rows: 15
Maximum number of iterations: 415

e The first input port collects the results of
the current iteration and concatenates omprr————
them with the results from the previous (0 Collect data from last iteration only
iterations. At the end of the loop the final | | ®A«=eenehm
data table will be passed to the only output
port.

End loop with variable:

Variable settings
\:I Propagate modified loop variables

e The second input port receives the data oK Apply Cancs

table"to pass back to the Recur.swe I._OOp Figure 7.38. Configuration of the Recursive Loop End
Start” node to feed the next loop iteration. node.

The first three settings in the configuration window are stop settings, to avoid infinite loops.
The loop will stop if:

e The data table passed back to the loop start node contains less than the required
minimum number of rows

¢ A maximum number of iterations has been reached

e Avariable takes value “true”

e The last two settings regulate the data structure.

e Collect the output data only from the last iteration or from all iterations.

e Add a data column containing the iteration number to the final output data table

e And finally pass on all the loop variables that have been created and modified.
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Workflow: Recursive Loop

This loop implements the same task as the workflow named Counting Loop 1. However, in Counting Loop 1 we were adding the
iteration number to the x value, because that loop has no memory of previous iterations.

The recursive loop can actually pass the current results to the next iteration through the second input port of the Recursive Loop
End node. Because of its memory, in this loop we can use x = x+1 and at each step the x value will be incremented of 1. The
result, however, is the same as in Counting Loop 1, as you can see from the Scatter Plot View.

Scatter Plot

original data plot

Data Generator Color Manager ! Recursive Loop Start Math Formula Recursive Loop End Scatter Plot
> < ~ P
@, . >' > T —> 10— =T »n
> ] = —»
00e 00 oJo] ) (ojo] ) 000 o0e
3 cluster color X = X+1 pass back x-shifted data plot
2 coordinates by cluster xandy

Figure 7.39. Workflow "Recursive Loop".

7.10. Exercises

Exercise 1

Generate 5400 data rows in a two-dimensional space grouped in 6 clusters each with a
standard deviation value of 0.1 and no noise. Assign different colors to the data of each cluster
and plot the data by means of a scatter plot.

Then process the data of each cluster in a different way according to the formulas below and
observe how the clusters have changed by means of a scatter plot again. To make the workflow
run faster and be more flexible, use a loop to process the data.

x = Universe 0 0, y = Universe 0 1
Cluster 0: X=X

Cluster 1: x = sqrt(x)

Cluster 2: X = X + iteration number
Cluster 3: X = x * iteration number
Cluster 4: X=y

Cluster 5: X = X*X
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Solution to Exercise 1

To process the data in a loop, we used a “Chunk Loop Start” node. We defined the chunk size
to be 900 data rows in order to have exactly one cluster in each chunk. We then closed the loop
with a generic “End Loop” node which concatenates the output tables into the final result. The
different processing for each cluster is implemented with a “Java Snippet (simple)” node with
the following code:

Double x = 0.0;

if ($${IcurrentlIteration}$s$==0) x=$Universe 0 0$;

else if ($S{IcurrentIteration}$s$==1) x=Math.sqrt ($Universe 0 0$);

else if ($S${IcurrentIteration}$$==2) x=$Universe 0 0$+$${IcurrentIteration}$s$;
else if ($${IcurrentIteration}$$==3) x=$Universe 0 0$*$${IcurrentIteration}s$s$;
else if ($S${IcurrentIteration}$$==4) x=$Universe 0 1$;

else x = $Universe 0 0$*$Universe 0 0$;

return x;

The scatter plot of the original data and the scatter plot of the processed data are shown in the
figures below.

@ Cluster 0 Cluster_1

Figure 7.40. Scatter Plot of the original dataset.
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Figure 7.41. Scatter Plot of the resulting data.
-
Workflow: Chapter 7/Exercise 1
Apply the following transformations to different clusters in the data:
* cluster 0: x=x
= cluster 1: x=sqrt(x)
» cluster 2: x=x+iter#
» cluster 3: x=x*iter#
» cluster 4: x=y
» cluster 5: x=x*x
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Figure 7.42. Exercise 1: The workflow.
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Exercise 2

On the 15™ of each month a course takes place, starting from 15.01.2011. Teacher “Maria’
teaches till the end of March, teacher “Jay” till the end of September, and teacher “Michael” till
the end of the year. The course is held in San Francisco from May to September and in New
York the other months. Generate the full table of the courses for the year 2011 with course
date, teacher name, and town.

Solution to Exercise 2

To solve this problem we started from a data set with the first course date only: 15.01.2011.

Then we used a “Counting Loop Start” node that iterates 12 times on the initial data set and
generates a new date at each iteration.

The “teacher” and “town” columns are both obtained with a “Rule Engine” node.

Workflow: Chapter 7/Exercise 2

Starting from 15.01.2011 we build the course schedule for the 12 months. One course every month, on the 15th. To do that, we use a
counting loop. We then add teacher and location for the course.

Table Creator String to Date&Time Counting Loop Start  add one month to course date Loop End Rule Engine Rule Engine
= (i |
8, » » 53 > > I > >/ > > (o >u
s
00e 00®e oo date + (oo ool ] ofe] )
start date convert from 12 iterations # iterations in months add add town
15.01.2011 String to teacher to course
DateTime to course

Figure 7.43. Exercise 2: The workflow.

Extract Date&Time Fields Date&Time Shift Date&Time to String Column Filter
> > Q> > > > 02 » > > >
00® 00e ooe 00e®
month, day, year month + only keep
current iteration course date

Figure 7.44. Exercise 2: The 'add one month to course date” metanode.
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Exercise 3

This exercise gets rid of duplicated unnecessary data rows.

In the folder KALdata there is a file called “wrong_sales_file.txt” which contains sales records,
each one with a contract number, as well as duplicate records. In fact, for each sale you can
find an older record with a few missing values and a more recent record with all field values
correctly filled in. The column “load_date” contains the date of record creation. Of course, we
want to get rid of the old records with missing values and keep only the recent records with all
fields filled in. In this way, we get a sales table with a unique record ID, i.e. the contract number,
and only the most up to date values.

Solution to Exercise 3

In the solution workflow, we read the “wrong_sales_file.txt” with a “File Reader” node. If we
execute a “"RowID” node on the “contract nr” column and with the flag “ensure uniqueness” not
enabled, then the “RowID” node’s execution fails. This means that the “contract nr” column
contains non-unique values. Indeed, for each “contract nr” we have two records in the data
table: an old one with many missing values and a recent one with all fields filled in.

In order to filter out the older records with missing values, we loop on the “contract nr” list with
a “Table Row To Variable Loop Start” node. At each iteration, we keep only the records with the
“contract nr" of the current iteration (“Row Filter” node), we sort the selected records by
“load_date”, in descending order, and we keep only the first row (the second “Row Filter” node),
which is the most recent record. The loop is then closed by a generic “Loop End” node.

If we now run a “RowID” node on the loop results, which is similarly configured to the first
“RowID” node of this exercise, it should not fail anymore.

The same result could have been obtained with just a GroupBy node, grouping by contract
number and taking just the first (or last depending on sorting) of all other values.

Note. Since KNIME has been thought in terms of data tables, loops are rarely needed.
Before using a loop make sure that a dedicated node for what you have in mind does not
exist!
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Workflow: Chapter 7/Exercise 3

In this exercise, we clean up a file from duplicates. The easiest way would be to use a GroupBy node, group by contract IDs and take only the first item in the group.
A more complex way would be using a group loop.

But we choose the most complex way of all, through a Table Row to Variable Loop Start just to show how the Table Row to Variable Loop works

Column Filter GroupBy Table Row to Variable Loop Start

L e ol —> 03 e
00® (o]e] ] (s]e] ]
CSV Reader | keeponly - listof startloopon —\ Row Filter String to Date&Time Sorter Row Filter Loop End RowlD
contract nr ‘contract nr ‘contract nr *
one by one 2 s3. By
B = i L — It » —> 5 Ll 3
RowlD
(ole] ] (ele] ) coe o] ] coe oJe] ) (eTe]
Wrong sales file with .‘ > > filter by "contract nr* sort ascending only 1st row now check again
duplicated contract number.| ) on load_date most recent load_date unigueness on
One row is missing the Q00 to remove duplicates contract nr*
amount” and "quantity” | conwract nr are not unique
values. RowID on contract nr fails
GroupBy Note
> :. > Since KNIME has been thought in terms of data table, loops are rarely needed. Before using a loop
make sure that a dedicated node for what you have in mind does not exist!
o008

remove duplicates by
qgrouping on contract nr
and using First
for aggregation

Figure 7.45. Exercise 3: The workflow.

Exercise 4

Let's suppose that the correct file called “sales.txt” had been saved in many pieces. In
particular, let's suppose that each column of the file had been saved together with the “contract
nr” in a single file under “KALdata/sales”.

This exercise tries to find all the pieces and to collect them together to form the original file
“sales.txt”. In “KALdata/sales” we find files like “sales_<column name>.txt" containing the
“contract nr* and the “<column name>" columns of the sale records. There are 6 files for 6

n ou n o u n o

columns: “card”, “amount”, “quantity”, “card”, “date”, “product”.
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Solution to Exercise 4

Our solution to this exercise, builds a data table Dislog - 417 - Table Creator (file types) - o x

with a “Table Creator” node which includes only the
column names in a column named “type”.

Then a “Table Row to Variable Loop Start” starts a IS e |
loop that: Rowz__|eounty

File

Table Creator Settings  Flow Variables Job Manager Selection  Memory Palicy

Input line:

Rowl product

Row3 amount

. . “ ” Rowd quantity
loops over the list of column names in “type”, | [rows  |en
Rowg date
Row?

builds the file path with a “String Manipulation | ===
(Variable)” node with: join($${Sfile-path}$$, | [z >
"sales_", $${Stype}$S, ".csv"

oK Apply Cancel ©)]

passes the file path as a workflow variable to

“« " Figure 7.46. The configuration window of the Table
a “CSV Reader” node, g g

Creator node.
reads the file via the “CSV Reader” node,

collects the final results with a “Loop End (Column Append)” node.

If the “contract nr” values are read as RowlIDs for each file, then the “Loop End (Column
Append)” node joins all these columns, providing the flag for the “Loop has same rowlIDs in
each iteration” is enabled in its configuration window.

The “CSV Reader” node needs to use the flow variable called “filename_location” to read the
file, which was created according to the variable “type” by the “Table Row To Variable Loop
Start”.
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Dialog - 14:25 - CSV Reader (read file) - a X
File
Settings Transformation Advanced Settings Limit Rows Encoding Flow Variables 3ob Manager Selection Memory Policy
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i path filename_location ~ [
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has_column_header ~ ‘

. has_row_id - \—
support_short_data_rows ~ ’7
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Figure 7.47. The “ColumnName” setting in the "Workflow Variables" Tab of the
configuration window of the "File Reader” node to name the data column read at
each iteration.

Workflow: Chapter 7/Exercise 4

Here we have single files, each one containing a data column of a bigger data table. Let's list all the file names, build the correct path for each filename, and read
the data from the file.
At the end all data columns read from files are joined together in the Loop End (Column Append) node.

Table Creator Table Row to Variable Loop Start String Manipulation (Variable) String to Path (Variable)

}—» Ve ———————————OoMe———ofy
00® fole] ) folo] ) (ool )

file types get file types build file path CSV Reader Loop End (Column Append)
amount one by one from path as global flow var
product and file type from loop vars '—> 0 »
country
etc... ooe (o]e] )
read file join read files
using flow var filepath as if they were single columns
of a bigger table

Figure 7.48. Exercise 4: The workflow.
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8.1. Introduction to Switches

KNIME workflows consist of a sequence of nodes connected together. The sequence can be
linear, where one node is connected just to the next, or it can branch off to multiple parallel
routes. Sometimes in some situations it might be preferable to execute only some of the
parallel branches of the workflow and not the others. This is where the KNIME node group,
“Switches”, becomes useful.

A “Switch Start” node determines the flow of data via one or more workflow branches. Data
flows into a “Switch Start” node and is then directed down one or more routes where a number
of specific operations are performed, while all other routes remain inactive. All routes
originating from a “Switch Start” node are finally collected by a “Switch End” node. The KNIME
switch concept is illustrated below, where a switch with three alternative parallel routes has
been implemented.

CASE Switch Start CASE Switch End
Perform a function
o3 >
—> |5 —» 5| »
Perform another function
oce ooe

Figure 8.1. Generic illustration of data flow control via Switches.

Depending on the type of “Switch Start” node, the data can flow out through one or more ports.
In the example above, the “CASE Switch Start” node has three output ports, of which only one
is active at a time. In this particular configuration, the data has been enabled to flow out from
the third output port of the “CASE Switch Start” node only. The top output ports, in fact, are
blocked, as depicted by a red cross. The data then flows through a number of nodes
implementing “another function” till the “CASE Switch End” node, thus completing the switch
process. Which output port of the “Switch Start” node is active, and therefore which route the
data takes, can be controlled in the configuration window.

All “Switch Start” and “Switch End” nodes are located in the “Workfow Control” -> “Switches”
category in the “Node Repository” panel. There are two main types of “Switch” nodes: the “IF
Switch” nodes and the “CASE Switch” nodes. The “IF Switch” node starts a two branch switch
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closed by the “End IF” node. The “CASE Switch Start”
node starts three parallel branches and results from
the three branches are collected by a “CASE Switch Q searchall nodes
End” node.

Nodes > Resulis T

ol R | Workflow Control
Notice the plus sign in the lower corner of the “CASE Emply Table
Switch” nodes. Indeed, while the “IF Switch” nodes only = ,E"“ir'F g sir"'E:
operates on data through their data ports, the “CASE s > d
Switch” nodes can operate on data, models, variables, ., insut  caseswicnmg  JavalF (rabie
and so on just by dynamically adding ports of the = “ > :
desired type through the plus sign feature. You can also ) . . .
mix and match, i.e. you can start with a “CASE Switch e IFICASE i :F’rcASE
Start” node with data ports, passing the data to the g e , B
switch branches, and close with a “CASE Switch End” o o "3'
node with variable ports, collecting results of type flow = e
variable to pass on to the next nodes, or vice versa. : & : : = :
In the “Workflow Control” -> “Switches” category we b -
can also find a “Java IF (Table)” node. The “Java IF Figure 8.2. The nodes contained in the
(Table)” node works similarly to an “IF Switch” node but ‘Switches” category.
allows for the flow of data to be controlled by a Java
method.

Finally, the last node in this category is the “Empty Table Switch” node. The output of an “Empty
Table Switch” node becomes inactive (i.e. connected nodes are on an inactive branch) if the
input table is an empty data table. This avoids the execution of subsequent nodes on tables
with no actual content and possibly the workflow failure.

8.2. The “IF Switch”- “END IF” switch block

There are two “IF Switch” nodes: the “IF Switch” node and the “Java IF (Table)” node. The “IF
Switch” node is a simple switch to change the data flow in one direction or another. The
direction can be controlled manually or by means of a workflow variable. The “Java IF (Table)”
node also controls the data flow but by means of a Java method. Both these nodes use the
same “End IF” node to terminate the switch data flow control block.

Let's start with the simplest of the two switch nodes: the “IF Switch” node. In the workflows
that you have imported for this book (see chapter 1), two workflows are available in folder
“Chapter8” that demonstrate how to set the “IF Switch” node manually or automatically: the
“Manual IF Switch” workflow and the “Automatic IF Switch” workflow.
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The “Manual IF Switch” workflow reads “cars-85.csv” file from the folder KALdata, bins the data
set using the fuel consumption in mpg for either city driving or highway usage, and calculates
the statistics of “curb weight”, “engine size”, and “horse power” over the defined bins. To
alternatively bin the data set on different data column values, we need two branches inside the
workflow: one branch to bin the data set on “city mpg” data column and the other branch to bin

the data set on the “highway mpg"” data column.

In order to produce two parallel alternative branches in the workflow, the data flow is controlled
by an “IF Switch” node. The “IF Switch” node implements two branches: the top branch is
supposed to bin the “city mpg” data column, while the bottom branch is supposed to bin the
“highway mpg” data column. The “IF Switch” node is configured to enable the top branch by
default. If the data is supposed to flow through the bottom branch, a manual change has to be
made to the setting in its configuration window.

IF Switch

The “IF Switch” node allows data to be branched off to | = Peles-o-IFswitch Ceveammenualyy = 0 ¢
either one or both of the two available output ports. The "

direction of the data flow can be controlled by manually ot actueport

changing the node’'s configuration settings or @both Obotiom O top
automatically by means of a flow variable.

Options  Flow Variables  Job Manager Selection  Memary Policy

[ Activate all outputs during configuration step

In the configuration window:

e The “Options” tab contains the options for the 3 Aeely Concl | |@
manual setting of the active output port; option
“Activate all outputs during configuration step”
enables all outputs during configuration of other
subsequent nodes.

Figure 8.3. Configuration window of the IF
Switch node: the "Options " tab.

e The “Flow Variables” tab allows to overwrite the active output port in the “Options” tab
with a workflow variable value.

The “Options” tab in the configuration window contains three radio buttons to manually select
the path for the data flow. By selecting “top” or “bottom” or “both” the corresponding output
port(s) is/are activated.

196



Chapter 8: Switches

Alternatively, the “Flow Variables” tab allows to Dislog - 225 - IF Switch (Global flowvarisble) ~ — O X
overwrite the configuration parameter “PortChoice”, set | ™

in the "Options” tab, with a String-type workflow
variable. The allowed workflow variable values are:
“top”, “bottom”, and “both”.

Options Flow Variables  Job Manager Selection Memary Policy

~[s7] PortChoice |s°| PortChoice “

i activate_all_outp... ~

The goal of this workflow is to calculate some statistics
for columns “curb weight”, “engine size” and “horse oK Apply Conca
power”, sometimes on the quantiles of column
“city_mpg” and sometimes on the quantiles of column
“highway_mpg”. So, in both branches following the “IF
Switch” node, an “Auto-Binner” node was used to bin the data set based on sample quartiles of
“city_mpg"” on one branch and of “highway_mpg"” on the other branch of the IF block. The “Auto-
Binner” node returns the input data set with an additional column containing the numbered
bins. This column has the header name of either “city mpg [Binned]", if the top branch is taken,
or “highway mpg [Binned]”, if the bottom branch is selected. The switch block is then closed
by an “END IF” node.

Figure 8.4. Configuration window of the IF
Switch node: the "Flow Variables" tab.

End IF

The “End IF” node closes a switch block that was Dislog - 0:2 - End IF (collect data from) ~ o x
started by either an “IF Switch” node or a “Java IF |Fe

(Table)" node. Settings Flow Variables Job Manager Selection  Memary Policy

Duplicate row ID handling

The “END IF” node has two input ports and accepts data L

from either the top, or bottom, or both input ports. If @ Append suffxc | dp
both input ports receive data from active branches, then
the result is the concatenation of the two data tables.

Hiliting
The configuration window of the “End IF” node requires | ==
only a duplicate row handling strategy among two
possible alternatives: either skip duplicate rows or
append a suffix to make the RowlDs unique.

QK Apply Cancel

Figure 8.5. The configuration window of the

Check the “Enable hiliting” box if you wish to preserve End IF node.

any hiliting after this node.

A “GroupBy” node was appended at the end of the switch block to calculate the statistics of
“curb weight”, “engine size”, and “horse power” over the defined bins produced by the active
workflow branch. Since it would be cumbersome to manually change the configuration settings

of the “GroupBy” node every time the active output port of the “IF Switch” node is changed, we
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renamed the binned column in both branches to carry the same column header, i.e.
“Binned.MPG". The “Manual IF Switch” workflow is shown below.

The “Auto-Binner” node does not belong to the “Switches” category. However, since it has been
used to implement the “Manual IF Switch” workflow, we spend a few words here to describe
how it works and what it can be used for. The “Auto-Binner” node groups numeric data in
intervals - called bins. Unlike the “Numeric Binner” node, the “Auto-Binner” node first divides the
binning data columns into a number of equally spaced bins; then labels the data as belonging
to one of those bins. The column to be binned is selected via an “Exclude/Include” framework,
manually or via Regular / wildcard expression.

The manual selection of the column to be binned is based on an “Exclude/Include” framework:
the columns to be used for binning are listed in the “Include” frame on the right; the columns to
be excluded from the binning process are listed in the “Exclude” frame on the left.

You can move either selected or all visible columns between the “Exclude” and “Include” lists
by using four buttons between the lists. A “Filter” box in each frame allows searching for
specific columns, in case an excessive number of columns impedes an easy overview of the
data.

The selection based on a regular expression or a wildcard requires the regex or wildcard
matching pattern as configuration setting.

Workflow: Manual IF Switch

In this workflow, through the IF Switch node, you can manually disactivate one of the two branches (or none).

The End IF node concatenates together the data from all active branches.

Auto-Binner Column Renamer
—~— . Al
> E .
/
(o]e] 00
CSV Reader IF Switch j'/ . * End IF GroupBy
ey quantiles on city_mpg[Binned] \.,_,. -
H oy city_mpg to Binned.MPG L i 2
b'--.‘\ /,,-»b
00 00 \ / 00 co
s ° Auto-Binner Column Renamer  / * *
cars-85.csv You can manually _— p collect data from Stats as
activate/disactivate ™~ EEE T t; > all active branches mean(engine size)
one of the output ports max(horse power)
and the connected (ofe] } ooe range(curb weight)

branches X . .
quantiles on highway_mpg[Binned]

Highway_mpg to Binned.MPG

Figure 8.6. The "Manual IF Switch" node.
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Auto-Binner

The configuration window offers the choice between two methods to build the bins:
e As a fixed number of equally spaced bins;
e As pre-defined sample quantiles.
The configuration window also offers the choice between three naming options for the bins:
e “Bin1”, “Bin2", ..., “BinN”"
e By using the bin borders, e.g. [0.5674, 0.7899]
e By using midpoints, e.g.,-5, 5,15

There is then a flag to avoid these non-round boundaries of the bin intervals. You can also
choose to overwrite the original column by means of another flag. The “Number Format
Settings” tab allows for custom formatting of double and string bin labels.

Dialog - 0:24 - Auto-Binner (quantiles on)
File

Auto Binner Settings  Number Format Settings Flow Variables Job Manager Selection  Memory Policy

(@) Manual Selection () Wildcard/Regex Selection
Indude

Excude

Y rAiter Y Aiter

symboling ~ » | | city_mpg
normalized losses
wheel_base

length »
width
height i
curb_weight
engine_size &

Fl=[eeeo=[-

() Enforce inclusion

(® Enforce exclusion

Binning Method
() Fixed number of bins

Number of bins: 3

Equal: width
(®) Sample quantiles
Quanties (comma separated): (0,0, 0,25, 0.5, 0.75, 1.0

8in Naming
(@ Numbered e.q.: Bin 1, Bin 2, Bin 3
(OBorders  e.g.: [-10,0], (0,10], (10,20]

) Midpoints .g.: 5, 5, 15

[] Force integer bounds

[ Replace target column(s)

<

oK Apply Cancel @

Figure 8.7. Configuration window of the Auto-Binner node. Manual Selection.
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Pre-defined sample quantiles produce bins corresponding to the given list of frequencies.
The smallest element corresponds to a frequency of 0 and the largest to a frequency of 1.
The applied estimation method is Type 7, which is the default method in R, S and Excel.

Note. The “Auto-Binner” node does not allow customized bins. Please use the "Numeric
Binner" node if you want to define custom bins.

Alternative to the manual setting of the active port(s) in the “IF Switch” node configuration
window, we could define a workflow variable of type String, for example named “PortChoice”,
and we could use that variable to overwrite the manual settings in the “IF Switch” node’s
configuration window. If we activate the output port of the “IF Switch” node via a flow variable,
we do not need to manually change the node configuration settings to enable the other branch
of the switch block. In this case, it is enough to change the value of the flow variable
“PortChoice”, for example from “top” to “bottom”.

The new workflow with the automatic activation of the output port(s) of the “IF Switch” node is
named “Automatic IF Switch” and is available again in folder “Chapter8”. This workflow is
identical to the “IF Manual Switch” workflow, except for the flow variable “PortChoice” and the
configuration settings of the “IF Switch” node. In fact, the “IF Switch” node is configured so as
to overwrite the active port choice with the value of the flow variable “PortChoice”.

8.3. The “Java IF (Table)” node

A similar node to the “IF Switch” node is the “Java IF (Table)” node. In the “Java IF (Table)”
node the active port, and therefore the data flow direction, is controlled through some Java
code. The return value of the Java code determines which port is activated and which branch
of the workflow is active.

A switch block, then, can start with a “Java IF (Table)” node, branch off into two different data
flow paths, and collect the results of the two branches with an “End IF” node. The “JAVA IF
(Table)” node can be found like all other switch nodes under the “Workflow Control” ->
“Switches” category.

To demonstrate the use of the “Java IF (Table)” node, we created a new workflow, named “Java
IF & Tables”, in the workflow group called “Chapter8”. The goal of the workflow was to produce
a box plot on car price, engine size, and horsepower for either two- or four-door cars for data
from the “cars-85.csv” file.

The selection of either two-door cars or four-door cars was implemented by means of a “Java
IF (Table)” switch node governed by a flow variable called “Doors”. This flow variable can take
two string values, either “two” or “four”, which determines the behaviour of the “Java IF (Table)”
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switch node. Finally, an “Box Plot” node produces the box plot on the data coming out of the
switch block. Depending on the value of the “Doors” flow variable and therefore on the active
branch in the switch block, a box plot for engine size, horsepower, and scaled price of two- or
four-door cars is produced.

Java IF (Table)

The “Java IF (Table)” node acts like an “IF Switch” node. It takes one input data table and
redirects it to one of two output ports.

However, it differs from the “IF Switch” node, because it can activate only one output port at a
time.

The main difference between the “IF Switch” node and the “Java IF (Table)” node resides in the
management of the output port activation. The “Java IF (Table)” node executes a piece of Java
code with return value 0 or 1. Return value 0 activates the top output port, while return value 1
activates the lower output port.

Dialog - 0:38 - Java IF (Table) (Data Split on) - O x
File

Expression  Flow Variables Job Manager Selection Memory Policy

Flow Variable List Method Body
[ Dors if ("two".eguals(33{SDoors}ss)) {
|E| Doors {column) return 0;
|E|knimaworkspace } else if ("four".equals({$3{SDoors}$3)) {
return 1;
}
throw new Abort ("Unknown number of doors: ™ + 33{SDoors}33);
< >

Compile on dose

0K Apply Cancel C‘

Figure 8.8. The configuration window of the Java IF (Table) node.

The configuration window of the “Java IF (Table)” node resembles the configuration window
of the “Java Edit Variable” node. It contains:

e A “Method Body” panel for the piece of Java code to be executed at execution time
e A “Flow Variable List” panel where all flow variables available to this node are listed

Like the “Java Edit Variable” node, the Java code in the “Java IF (Table)” node operates only on
flow variables. A flow variable can be inserted into the “Method Body” panel by double clicking
any of the entries in the “Flow Variable List” panel.
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Unlike the “Java Edit Variable” node, the configuration window of the “Java IF (Table)” node
cannot output any value for the return variable, just 0 or 1. Any other return value will result in
an error at execution time.

Note. Inside the “Java IF (Table)” node configuration window, an exception handling
statement “throw new Abort();” is required at the end of the Java code, to handle
results that do not produce a 0/1 return value.

Workflow: Java IF & Tables

The goal of this workflow is to scale price differently for four-door cars (1/100) and two-door cars (1/50).

The choeice 4-door or 2-door is made in the Value Selection Configuration node. The output flow variable then controls the data path throughout the
workflow. Finally data (engine size, horse power and scaled price) is displayed in a Box Plof using an R View node.

Table Creator  Value Selection Configuration

B pEge
ooe coe .
\ Row Filter Math Formula
two or four \ @
\ - -
doors \ //-b S e
CSV Reader Column Filter \.}:ay:lF (Ta.h_lef)é 500 560 \ End IF Box Plot
< ) e
E_. | ilé | 'i';ui only two doors Scale Price Ir
LN by a 1/50 factor //"’
(e]e) [e]e) fole) N\ 00 (o]o}
. * e \ “\._ Row Filter Math Formula // * ®
cars-85.csv keep make, aspiration, Data Split on 2 // collect results Box Plot
nr doors, engine size, parameter for =g % K IEI " from active branches engine size
horse power, price number of car doors: & price.scaled
two and four doors 000 Q00
only four doors Scale Price

by a 1/100 facter

Figure 8.9. The ‘Java IF & Tables " workflow.

8.4. The CASE Switch Block

We have finally reached the most commonly used switch block in the KNIME workflows: the
CASE switch block.

The “IF Switch” node and the “Java IF (Table)” node offer a choice between two and only two
data flow paths. In some situations, we might wish to have more options than just two data
flow paths. The “CASE Switch Start” node opens a switch block which is then completed by
inserting a “CASE Switch End” node.

The “CASE Switch Start” node offers the choice of a few possible mutually exclusive data flow
paths. The “CASE Switch End” node collects the results from the active path(s) of the switch
block. The “CASE Switch Start” node and the “CASE Switch End” node are created with no input
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and no output ports. Input and output ports of the desired tape can be added via the dynamic
insertion feature reachable through the three dots on the lower left corner of the node.

CASE Switch Start

The “Case Switch Start” node starts a switch Dialog - 0:73 - CASE Switch Start - u] X
block with multiple data flow branches. Of the |

output ports available, only one can be active at
a time. The output ports are indexed by an
integer number, such as 0, 1, and 2.

Settings| Flow Variables Job Manager Selection Memory Policy

Port type name: Data

Selectactiveport: |2 v | g

The configuration window requires only the
indeX Of the aCtive OUtpUt port. [ Activate all outputs during configuration step

Like the “IF Switch” node, the active port index
can be provided manually or automatically via oK Apply Cancel
the Flow Variable button in the configuration
window.

Figure 8.70. The configuration window of the CASE
Switch Start node.

In “Chapter8/CASE Switch” workflow, there is

an example of a CASE switch block. This workflow was implemented to work on the “cars-
85.csv” data. It was implemented to build alternatively a few data classification models on the
input data set: either a Decision Tree, a Probabilistic Neural Network (PNN), or a rule system.

The decision of which model to implement is supposed to be arbitrarily made by the workflow
end user. The workflow then required three separate branches: one to implement the decision
tree, one to implement the PNN, and one to implement a rule system. An “IF Switch” node here
was not enough: “CASE Switch” block with three output data ports was needed.

To toggle between the models, a new flow variable was created and named
“ClassificationModel”. This flow variable is used to indicate the type of analysis to do and can
take three values only: “rule system”, “decision tree”, and “pnn”. However, a “CASE Switch Start”
node cannot understand string values, like “decision tree” or “pnn”. It only takes integer values
to define which output port is active. So, the string value of the “Classification Model” workflow
variable had to be converted to an integer value. We used a “Rule Engine (Variable)” node, to
transform “rule system” into 0, “decision tree” into 1, and “pnn” into 2 and we assigned the final
value to a new flow variable “classification_int". This last flow variable was used to control the

active port in the “CASE Switch Start” node.

203



Chapter 8: Switches

CASE Switch End

The “CASE Switch End” node closes a CASE switch block with multiple branches and collects

the resulting data table(s).

If more than one branch is active at the same
time, the “CASE Switch End” node offers a few
options:

e merge the resulting data tables together
o fail

e or use only the output of the first inactive
branch

Another problem could be the possible
existence of rows with duplicate RowlIDs. In this
case, two options are offered:

e  Skip rows with duplicate IDs

Dialog - 0:74 - CASE Switch End - [m] X

File

{Settings’ Flow Variables Job Manager Selection  Memory Policy

Duplicate row ID handiing
(@ Skip Rows

(O Append Suffix

Hiliting

[ Enable hiiting

OK

Port type name: Data
If multiple inputs are active
(@) Merge tables
OFal

(O Use first non-inactive input

Apply Cancel

Figure 8.71. The configuration window of the CASE

Switch End node.

e Make those RowlDs unique by appending a suffix to the duplicate values.

Next, we implemented a decision tree, a pnn, and a rule system respectively on each one of the
three branches coming out of the “CASE Switch Start” node. Each model produces two kinds
of results: the model itself and the data tables with the predictions. In order to collect both
results, we used two End nodes to close the switch block: a “CASE Switch End” node with
generic ports to collect the models, and a “CASE Switch End” node to collect the predicted data.
The models are then saved to a file and the predictions are evaluated by a “Scorer” node.
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Workflow: CASE Switch

The goal of this workflow is to classify the car makers based on the cars they produce. The target class is the "make” column.
The classification model could be a decision tree, a pNN, or a manual set of rules: this is the user choice. The choice for the classification model is made in the Value Selection Widget node.
Depending on which predictive model has been chosen, the corresponding branch of the CASE block is activated and the model is trained and applied.

Predictions are collected in the CASE Switch End node (data ports) and performances on the training set are evaluated at the end with a Scorer node. The trick is to produce predictions in an
output column named the same on all the branches.

The selected model is collected with a CASE Switch End node (model ports) and written to file.

Rule Engine
f’”” —~ CASE Switch End
Table Creator Value Selection Widget  Rule Engine Variable /
/ (olo]e} e |
/ / \ =
R _’ﬂ._ —0 X ’\ / manual ruleset /T \ —
/ L/
00e fofe] 008 Decision Tree Learney/ / —
\ / /| collect model
list of available  select ClassificationMode Flow Variable: | ’,s‘ > ,I:" ._/ | Decision Tree Predictor|
predictive models ClassificationModel | e i \
/ | —
CSV Reader \QQE.SWnch smn/// coe | ‘-
— P \
e " 0
~ redicting “make” | \
E_. > > |':. ’f/ P 9 | ooe \\ CASE Switch End Scorer (JavaSript)
M |
PNN Learner (DDA) | generate predictions AN :_* >
el QO _ / on training set : :I > > [} :
cars-85.csv Follow dedicated branch\ A/ PNN Predictor yd (ole] } 00e
according to selected '\ = = e
predictive model \ 000 n(f g collect data with Evaluate Model
- . B > predictions
predicting "make 000

generate predictions
on training set

Figure 8.12. The "CASE Switch" workflow.

8.5. Transforming an Empty Data Table Result into an
Inactive Branch

In “Chapter8” folder, there is another workflow that implements a CASE switch block: the
“Empty Table Replacer” workflow. This workflow reads the “cars-85.csv” data, keeps only the
cars of a particular “make”, as defined in a workflow variable named “CarMake”. Then it follows
three different branches depending on the type of wheel drive of the car: “4wd”, “fwd”, and
“rwd”. Each branch keeps only the cars with this particular wheel drive type and sends the
resulting data table to a “CASE Switch End” node. Finally, a “GroupBy” node counts the number
of cars by fuel-type for that “make” with that type of wheel drive.

In the “Empty Table Replacer” workflow, the “CASE Switch Start” node is controlled by a flow
variable, named “wheeldrive”. The flow variable “wheeldrive” can only take “rwd”, “fwd”, and
“4wd” string values, which are then transformed into output port indices by a “Rule Engine
(Variable)” node to control the active port in the “CASE Switch Start” node.
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The data selection in the switch branches is implemented by “Row Filter” nodes on the wheel
drive type. The “Row Filter" nodes are controlled by the same flow variable “wheeldrive” that
controls the active branch in the switch block.

What happens, though, if one of the “Row Filter” nodes returns an empty data table? For
example, if you assign the value “rwd” to the flow variable “wheeldrive”, the “Row Filter” node in
the corresponding active branch produces an empty data table. Indeed, sometimes the
execution of a workflow branch may result in an empty data table being created. Empty tables
can still be processed by nodes further down in the workflow, like the “GroupBy” node, but they
could also result in a lot of warning messages, wasted time, and maybe even data
inconsistencies. To prevent this from happening, the “Empty Table Switch” node enables two
different output ports: one is active when an empty data table is created, and one is active when
a value-filled data table is created.

Empty Table Switch

The “Empty Table Switch” node has two output ports. It activates the lower output port for an
empty input data table. Otherwise, it activates the top output port. This allows for the creation
of an alternate branch in case of an empty input data table and avoids the execution of
subsequent nodes on tables with no actual content.

Workflow: Empty Table Replacer

In this workflow we select one car maker and type of drive wheels. We then move to a CASE Switch to process differently the groups of data.

If you select "alfa romeo" as the car maker and 4wd as the type of wheel drive, the switch branch will have no data. The Empty Table Switch node then disables the data and prevents the
execution of subsequent nodes with no data, thus avoiding errors and warnings.

Row Filter Empty Table Switch

P
. ) ) 5
Value Selection Widget Rule Engine Variable / >
oRe oRe
oo Y o / A A
e ~—_ | fwd
/ ole] } (olo] ] S~ / \
CSVReader / Row Splitter—___ CASE Switch Start/ Row Filter Empty Table Switch | CASE Switch End GroupBy
/ select drive wheels Flow\/arlah\e:whee\drwﬁr""‘ —e s
= I — o ™ —_ X >
3, p< — y '-"I"NK—'?X—’“N "-—:..|>(—>]-x
" . -~ . A
(o]e] } Value Selection Widget ~ oce o0e ) 000 000 / oce 000
cars-85.csv h >=r — only one "make” Switch based on rwd “/ count by fuel-type

flow variable |

(e]e] ) wheeldrive \  RowFilter Empty Table Switch/

\ //’

select car maker N - = X
o=
default alfa-romeo - X pe
000 000

Awd

Figure 8.13. The "Empty Table Replacer” workflow.

The configuration window of the “Empty Table Switch” node does not require any setting.
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In each branch of the CASE switch block, an “Empty Table Switch” node was introduced, to
block further processing of the workflow in case the result of the branch is an empty data table.
If we now run the workflow with the flow variable “wheeldrive” = “fwd”, the “Row Filter” node of
the second branch produces an empty data table, the output of the “CASE Switch End" node
collects no results, the “GroupBy” node becomes inactive and is not executed.

8.6. Exercises

Exercise 1

Create a table containing the numbers 1-10. Then, by using an “CASE Switch” node, create a
workflow to generate an additional integer column produced by multiplying the even numbers
by a factor of 3 and the odd numbers by a factor of 10.

Solution to Exercise 1

The first step is to create a table containing the numbers 1-10, which is achieved using the
“Table Creator” node and by labeling the integer column as “Number”. The aim here is to
perform an operation on alternate lines. The rest from a division by 2 is calculated for each
number by means of a “Math Formula” node. The value of this rest defines the multiplying
factor, 3 or 10. An easy solution to solve this problem could have been to apply a “Rule Engine”
node and transform the rest value into the corresponding multiplying factor. A “Math Formula”
node then would have finished the trick, multiplying each number for the newly created
multiplying factor.

However, we want to use a switch block here. As this can be viewed as a row operation, we
looped over the rows, performed the right multiplication, and then concatenated the final
results. We then started a loop with the “Table Row To Variable Loop Start” node, turning each
number and each rest value into flow variables.

A “CASE Switch Start” node implemented the switch for different multipliers. At each iteration
of the loop, as input data for the “CASE Switch Start” we use the row of initial table that
corresponds to the current iteration. We filter it with the “Row Filter” node by matching to the
flow variable “Number”. Numbers are multiplied by 3 on one of the two branches and by 10 on
the other. The active port of the “CASE Switch Start” node is controlled by the rest value as
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calculated in the Math Formula node: 0 enables the upper port; 1 enables the second output
port.

Workflow: Chapter 8/Exercise 1

In this exercise, we generate numbers from 1 to 10 and we multiply even numbers by 3 and odd numbers by 10.

A CASE Switch Start node makes sure that odd numbers and even numbers are directed to the appropriate branch.

Math Formula

i
Math Formula  Table Row to Variable Loop Start CASE Switch Start oce CASE Switch End Loop End
- »— ifRest=0 >
/’ 0 > > @ /’ I‘:O 93 x3 Multiplier =‘| » > O >
(efe] } {ole] } {ole] } \ /’oo‘ coe
[ ) [ \  Math Formula /
Table Creator | Rest = Number % 2 loop on Number 1:10 Row Filter controlled /collect multiplications  collect results
flow vars: Number and Rest by flow var \’ o0 */
8, —> Rest =
(e]e]e)
ooe ooe
ifRest=1
Numbers Use only one row 10 Multiplier
from 11010 at each iteration

Figure 8.74. Exercise 1: The workflow.
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Figure 8.15. Exercise 1: Configuration window of the first Math Formula node.
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Exercise 2

In this exercise we show how to implement a control of the workflow processes based on time
and date.

Using the “cars-85.csv” file, create a workflow that manipulates data differently depending
upon the day of the week:

¢ On Wednesdays, write out an R box plot for engine size, horse power, and scaled price and
save it as a PNG image;

e Do not perform any operations on the weekend

n ou " ou

e For the remaining days keep only the “make”, “aspiration”, “stroke”, and “compression

ratio” data columns.

Use a “CASE Switch” node to implement the branches for different daily data manipulation.

Solution to Exercise 2

First of all, we need to extract the current date and time information. We did that with a “Create
Date&Time Range” node, followed by an “Extract Date&Time Fields” node and a “TableRow to
Variable” node. We are interested in the DAY_OF_WEEK information, expressed as an integer
1-7, 1 being Sunday.

A subsequent “Rule Engine (Variable)” node implements the following rule:

OR $${IDay of week (number)}$S$S = 7 => 0
=> 1

$${IDay of week (number)}$S$ = 1
$${IDay of week (number)}$$ = 4
TRUE => 2;

This returns 0 if it is a weekend, 1 if it is a Wednesday, and 2 otherwise. These numbers are
then used to control the active port of a subsequent “CASE Switch” node.

Three branches are sprouting from the “CASE Switch” node and the final results are collected
by an “End CASE" node.
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This workflow processes data differently depending on the day of the week, which is a very common task in Data Warehousing.

= No processing during the weekend
= Create a box plat image of scaled price on Wednesday
= Just filter out some columns on any other day.

Get Today's Date

Create Date&Time Range  Extract Date&Time Fields  Table Row to Variable

— 8 0

ooe

Rule Engine Variable

Saturday or Sunday: Do Nothing

N %
Wednesday: Get Results
ooe
01,002 AN
File Reader depending on CASE Switch Start Column Filter  Math Formula
E day of week B o
S
oo ooe \DQQ (o[e]e] )\
cars-85.csv Date Dependent Operation \“\@ale price
by 1A

Box Plot (Javacript)

Lelele]

scaled price

Image Writer (Port)

N N N |

[ola]s)

wiite svg image

(CASE Switch End

ﬁ} er Day

Column Filter |

R
ooce

keep make, aspiratio
strake, compression ratio

L
<l g

ooe

Figure 8.16. Exercise 2: The workflow.
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