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Foreword

Hello, I'm Kate Strachnyi, founder of DATAcated®, and I am extremely passionate
about data visualization and storytelling. In 2013, I made a career shift from risk
management and regulatory compliance into the world of data analytics, and
Tableau played a significant role in my professional journey. As I jumped into data
analytics, I was provided with access to Tableau Desktop, along with various sets of
data. My task was to derive insights and design visuals to support and communicate
those insights. It was love at first sight. Tableau's intuitive layout made it easy for
me to connect data sources and extract information, and I was able to build my first
dashboard within minutes of obtaining access to the tool. From that point on, I was
hooked on data visualization.

In this book, Mastering Tableau 2021 - Third Edition, Marleen Meier and David
Baldwin take the reader on a journey that teaches the advanced offerings of Tableau
2021 and empowers them to tackle various data challenges. The book starts with
the basics, by connecting Tableau to data and performing various data preparation
activities, before going into more advanced features, such as Level of Detail
calculations and data densification. The authors deftly illustrate Tableau's ability to
create various charts with just a few clicks or by dragging and dropping fields into
the view, which speeds up the visualization process and lets the user focus purely
on the stories within the data. The authors take this a step further by demonstrating
how basic visualizations can be evolved beyond their basic functionality. The

book goes on to demonstrate a spectrum of advanced topics, including geo-spatial
visualizations, time series visualizations, implementing Python and R functionality,
and more!



My personal passion lies in using visual design best practices to tell impactful data
stories. Meier and Baldwin make it simple to customize data visualizations and
dashboards in a way that drives data-informed decision making, with a focus on
formatting and design customization. This book considers the steps that we can take,
such as reducing clutter, improving formatting, and using color intelligently, that can
help tell more effective stories with data. Meier and Baldwin take the reader through
the process of applying these steps in Tableau, discussing design theory, color rules,
and other dos and don'ts of data visualization that will help focus your audience's
attention.

In addition to designing useful dashboards, the book covers methods for improving
the performance of those dashboards. The authors address various aspects of
performance, with the intent of empowering the reader with techniques to create
workbooks that load quickly and respond to end user interaction. With the end user
in mind, Meier and Baldwin also provide extended use cases that take the reader
through the thought process of analyzing queries, generating insights, and creating
useful self-service dashboards. In doing so, the book helps you create visualizations
to empower users (whether that might be your boss, a colleague, or a customer) to dig
into data themselves, as opposed to waiting on IT or data teams to present it to them.

Kate Strachnyi
DATAcated®
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Preface

Tableau is one of the leading business intelligence (BI) tools used to solve data
analysis challenges. With this book, you will master Tableau's features and offerings
in various paradigms of the BI domain.

Updated with fresh topics and the newest Tableau Server features, including
relationships, Quick Level of Detail (LOD) expressions, Einstein Discovery, and
more, this book covers essential Tableau concepts and advanced functionalities.
Leveraging Tableau Hyper files and using Prep Builder, you'll be able to perform
data preparation and handling easily. You'll gear up to perform complex joins,
spatial joins, unions, and data blending tasks using practical examples. Following
this, you'll learn how to use data densification, and consider how to use Tableau
extensions to help you with calculations, mapping, and visual design. You'll cover
advanced use cases such as self-service analysis, time series analysis, and geo-spatial
analysis, before moving on to improving dashboard performance and connecting to
Tableau Server with expert-level examples. Finally, you'll connect to and implement
Python and R within Tableau, to achieve things that are impossible with Tableau's
native functionalities alone.

By the end of this Tableau book, you'll have mastered the advanced offerings of
Tableau 2021 and be able to tackle common and advanced BI challenges.

Who this book is for

This book is designed for business analysts, BI professionals, and data analysts who
want to master Tableau to solve a range of data science and BI problems. The book is
ideal if you have a good understanding of Tableau and want to take your skills to the
next level.

[ix]
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What this book covers

Chapter 1, Getting Up to Speed - A Review of the Basics, takes you through the basic and
essential Tableau concepts needed to get you started.

Chapter 2, All About Data - Getting Your Data Ready, introduces the Tableau data-
handling engine, after which we will dive into knowledge-discovery process models,
as well as data mining. Last but not least, we will talk about data cleaning.

Chapter 3, Tableau Prep Builder, discusses Tableau Prep Builder, a new member of the
Tableau family, and how it can benefit your workflows.

Chapter 4, All About Data - Joins, Blends, and Data Structures, considers the big
question that Tableau users face on a daily basis: should I blend, join, or union my
data? We will also discuss relationships, join calculations, and spatial joins, which
are fairly new features in Tableau.

Chapter 5, Table Calculations, covers functions and table calculations in the process
flow and explains why table calculations are still relevant now that LOD calculations
are available.

Chapter 6, All About Data - Data Densification, Cubes, and Big Data, discusses data
densification and how we can display more granular data than the given granularity
of the dataset. We will then move on to cubes and big data, and how to deal with it
in Tableau.

Chapter 7, Level of Detail Calculations, helps you understand how to use LODs in such
a way that you won't want to live without them any longer, by building a variety of
playgrounds to experiment with. We will then combine LOD calculations with table
calculations, sets, and parameters to maximize their potential.

Chapter 8, Beyond the Basic Chart Types, introduces some widely used chart types,
demonstrating how to extend their usefulness, along with some more unique chart
types, all beyond the "Show Me" section. Tableau extensions, a new feature, are
explained too, with a couple of examples.

Chapter 9, Mapping, covers Tableau's mapping capabilities using custom polygons,
heatmaps, and layered maps, and looks at extending Tableau mapping with other
technologies, such as Web Map Services and Mapbox.

Chapter 10, Tableau for Presentations, shows how the user can make use of Tableau for
presentation purposes. Tableau is typically thought of as a BI and analytics platform;
however, it can be, and often is, used as a presentation tool. In this chapter, you will

get some insight into tips and tricks to make the most of this element of Tableau.

[x]
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Chapter 11, Visualization Best Practices and Dashboard Design, takes you through
different formatting techniques and design rules to maximize the aesthetics and
utility of your Tableau visualizations.

Chapter 12, Advanced Analytics, will help you test your knowledge using three use
cases, which incorporate elements of self-service analytics, time series analytics, and
geo-spatial analytics.

Chapter 13, Improving Performance, addresses various aspects of performance on
Tableau with the intent of empowering you with techniques to create workbooks
that load quickly and respond snappily to end user interaction.

Chapter 14, Interacting with Tableau Server/Online, covers the Tableau Server
architecture and its different offerings and functionalities. We will go through the
process of publishing, editing, and maintaining your visualizations on Tableau
Server.

Chapter 15, Programming Tool Integration, shows how to integrate Tableau with R
and Python, in order to implement advanced models such as regression analysis,
sentiment analysis, and more in your Tableau projects.

To get the most out of this book

A basic knowledge of Tableau is required. You will need a Tableau license, or to sign
up for the 14-day free trial version of Tableau. Readers are also expected to have a
basic knowledge of R/RStudio and Python in order to make the most of the final
chapter.

Download the example code files

The code bundle for the book is hosted on GitHub at https://github.com/
PacktPublishing/Mastering-Tableau-2021. We also have other code bundles
from our rich catalog of books and videos available at https://github.com/
PacktPublishing/. Check them out!

Download the color images

We also provide a PDF file that has color images of the screenshots/diagrams
used in this book. You can download it here: https://static.packt-cdn.com/
downloads/9781800561649_ColorImages.pdf.

[xi]



Conventions used

There are a number of text conventions used throughout this book.

CodeInText: Indicates code words in text, database table names, folder names,
filenames, file extensions, pathnames, dummy URLs, user input, and Twitter
handles. For example: "We can configure webpack using the webpack.config. js file"

A block of code is set as follows:

SCRIPT_REAL("

from numpy import random as rd

mu, sigma = _arg2, _arg3

return (rd.normal(mu, sigma, _argl[@])).tolist()

n
)

SIZE(), [mu], [sigma]
)

Any command-line input or output is written as follows:

pip install tabpy

Bold: Indicates a new term, an important word, or words that you see on the screen,
for example, in menus or dialog boxes, also appear in the text like this. For example:
"To start R within a Windows environment, navigate to Start | Programs | R x64
4.0.3."

\/V, Warnings or important notes appear like this.

N ! 7/
- /@\' Tips and tricks appear like this.

=
=




Get in touch

Feedback from our readers is always welcome.

General feedback: Email feedback@packtpub. com, and mention the book's title in the
subject of your message. If you have questions about any aspect of this book, please
email us at questions@packtpub.com.

Errata: Although we have taken every care to ensure the accuracy of our content,
mistakes do happen. If you have found a mistake in this book we would be grateful
if you would report this to us. Please visit, http://www.packtpub.com/submit-errata,
selecting your book, clicking on the Errata Submission Form link, and entering the
details.

Piracy: If you come across any illegal copies of our works in any form on the
Internet, we would be grateful if you would provide us with the location address
or website name. Please contact us at copyright@packtpub.com with a link to the
material.

If you are interested in becoming an author: If there is a topic that you have
expertise in and you are interested in either writing or contributing to a book, please
visit http://authors.packtpub.com.

Reviews

Please leave a review. Once you have read and used this book, why not leave a
review on the site that you purchased it from? Potential readers can then see and use
your unbiased opinion to make purchase decisions, we at Packt can understand what
you think about our products, and our authors can see your feedback on their book.
Thank you!
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Getting Up to Speed —
A Review of the Basics

Tableau is one of the leading tools used to solve business intelligence (BI) and
analytics challenges. With this book, you will master Tableau's features and offerings
in various paradigms of the BI domain. As an update to the successful Mastering
Tableau series, this book covers essential Tableau concepts, data preparation, and
calculations with Tableau, all the way up to machine learning use cases.

This edition comes with new datasets, more examples of how to improve dashboard
performance, and the most up-to-date know-how on data visualizations, Tableau
Server, and Tableau Prep Builder. This new edition will also explore Tableau's
connections with Python and R, Tableau extensions, joins, and unions, and last but
not least, three new use cases of powerful self-service analytics, time series analytics,
and geo-spatial analytics in order to implement the learned content. By the end

of this book, you'll have mastered the advanced offerings of Tableau and its latest
updates, up to Tableau version 2021.

Those who are fairly new to Tableau should find this chapter helpful in getting up to
speed quickly; however, since this book targets advanced topics, relatively little time
is spent considering the basics. For a more thorough consideration of fundamental
topics, consider Learning Tableau, Fourth Edition, written by Joshua Milligan and
published by Packt Publishing.
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Getting Up to Speed — A Review of the Basics

In this chapter, we'll discuss the following topics:

* Creating worksheets and dashboards
* Connecting Tableau to your data
* Measure Names and Measure Values
* Three essential Tableau concepts

* Exporting data to other devices

Now, let's get started by exploring worksheet and dashboard creation in Tableau.

Creating worksheets and dashboards

At the heart of Tableau are worksheets and dashboards. Worksheets contain
individual visualizations and dashboards contain one or more worksheets.
Additionally, worksheets and dashboards may be combined into stories to
communicate particular insights to the end user through a presentation environment.
Lastly, all worksheets, dashboards, and stories are organized in workbooks that can
be accessed using Tableau Desktop, Server, Reader, or the Tableau mobile app.

At this point, I would like to introduce you to Tableau Public (https://public.
tableau.com). At times you might need some inspiration, or you might want to
replicate a dashboard created by another Tableau user. In this case, Tableau Public
will be your place to go! It is a web-based collection of dashboards and works like
LinkedIn for the Tableau community. You can create your own profile —registration
is free —and share all the dashboards you've created, that you think the world
shouldn't miss out on. The best part, however, is that you can download all of them,
open them in your own version of Tableau, and start learning and replicating. Even
without your own profile or registration, it is possible to download dashboards.

In this section, we'll consider how to create worksheets and dashboards. Our
intention here is to communicate the basics, but we'll also provide some insight that
may prove helpful to more seasoned Tableau users.

Creating worksheets

Before creating a worksheet, we'll need to create a visualization to populate it with.
At the most fundamental level, a visualization in Tableau is created by placing one
or more fields on one or more shelves. As an example, note that the visualization
created in the following diagram is generated by placing the Number of Records
field on the Text shelf on the Marks card:

[2]
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Filte

The "T" icon shows that
Number of Records is using
Text on the Marks card.
Marks

E AUfO"ﬁUC v l

&

Colo Size Text

o o]
tail Tooltip

@ SUM(Number of Records)

ndamenta

5,316

Figure 1.1: The Marks card

Having considered some basic theory, in the next subsection you will get the chance
to follow along in your own Tableau workbook. Let's go!

Creating a visualization

Now, let's explore the basics of creating a visualization using an exercise:

1.

Open the file by double-clicking on the downloaded workbook.

In the workbook, find and select the tab labeled Fundamentals of
Visualizations:

Navigate to https://public.tableau.com/profile/marleen.meier to locate
and download the workbook associated with this chapter.

8 Data Source

Fundamentals of Visualizations

E-II-

B 0

Figure 1.2: Navigating worksheet tabs
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Getting Up to Speed — A Review of the Basics

4. Locate Sport within the Dimensions portion of the Data pane, which can be
found on the left-hand side of the Fundamentals of Visualizations sheet:

f':f% Summer-Olympics

il
i
4

Search el

Tables

Abc  Athlete
@ City

@ Country

@ Country Code
Abc Discipline
Abc Event

Abc Event gender
Abc  Gender

Abc  Medal

Abc  Sport

Figure 1.3: Dimensions on the Data pane

5. Drag Sport to Color on the Marks card:

Fiters Fundamentals of Visualization
BN EFEEE T EEESFEEE " EEENEEEYEEETDE
Marks
O Automatic v
- & i3]
Colour Size Label
0% (]
Detail  Tooltip
M Sport

Figure 1.4: Dragging Color to the Marks card
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6. Click on Color on the Marks card and then on Edit Colors... to adjust the
colors of your visualization as desired. This will allow you to edit the colors
used in your visualization, and Transparency and Border effects:

O Automatic v iZ Rows

- -
[z EEE

Edit Colors...

Transparency

B [100%
Effects
Border:

Halo:

Figure 1.5: Edit Colors...

7. Now see what happens if you move Sport to the Size, Label, Detail,
Columns, and Rows shelves. After placing Sport on each shelf, you can click
on each shelf individually to access additional options.

[5]



Getting Up to Speed — A Review of the Basics

8.

Drop other fields on various shelves to continue exploring Tableau's
behavior. One example could be, on an empty canvas, dragging Year to the
Columns shelf, Number of Records to the Rows shelf, and Medal to Color
on the Marks card. You will now see the number of medals per medal type
over time:

Fundamentals of Visualization
700

600

500

400

300

200

Number of Records

100

0
1975 1980 1985 1990 1995 2000 2005 2010
Year

Figure 1.6: Medals over time

Did you come up with any interesting visualizations? Feel free to share them
on Tableau Public. Add the tag #MasteringTableau if you want other readers
of this book to find them —sharing is caring!

As you explore Tableau's behavior by dragging and dropping different fields onto
different shelves, you'll notice that Tableau responds with default behaviors. These
defaults, however, can be overridden, which we'll explore next.

Beyond the default behavior

In the preceding exercise, Creating a visualization, we can notice that the Marks card reads
Automatic. This means that Tableau is providing the default view. The default view can
be easily overridden by choosing a different selection from the drop-down menu:

[6]
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| Marks -

| | Automatic v
Automatic
tol Bar
» Line
™ Area
(] square
QO circle
— 29 Shape .
! Text
% Map
| ® Pie

=, Gantt Bar

~ [d Polygon
O Density

Figure 1.7: The Marks card drop-down menu

By changing these settings on the Marks card, we can adjust the format in which
your data will be displayed.

Another type of default behavior can be observed when dragging a field onto a

shelf. For example, dragging and dropping a measure onto a shelf will typically
result in the SUM() aggregation, which will sum up all the values to the highest

level of aggregation. If no dimension is present, it will be the sum of all values. If a
dimension is present on the Marks card, for example, this same dimension will serve
as the highest level of aggregation. We will see an example of this behavior later in
this section.
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In Windows, you can override this default behavior by right-clicking and dragging
a pill from the Data pane and dropping it onto a shelf. Tableau will respond with a

dialog box with possible options:

Drop Field

Which field do you want to drop?

Abc

Abc

Abc

Reglon(Orders)

MIN(Region(Orders))
MAX(Region(Orders))
CNT(Region(Orders))
CNTD(Region(Orders))

Abc

ATTR(Region(Orders))

Figure 1.8: Changing the default aggregation

If you are working on macOS, you can right-click on the pill after you've dragged

it to its location and then adjust the default behavior by changing the measure.
This works on Windows as well. Another option is to right-click on the field while

it is still in the Data pane on your left-hand side and select Default Properties |

Aggregation.

Now, let's walk through an exercise where we'll override another default behavior

on the Marks card:

1. Inthe workbook associated with this chapter, navigate to the Overriding

Defaults worksheet.

2. Right-click and drag Year from the data pane to the Columns shelf:

Pages
Filters
Marks
22, Automatic v
L)
Colour Size Label
030 Q
Detail Tooltip

iii Columns

1974 1976

Year

Overriding Defaults

1978 1980 1982 1984 1986

1988

1990

1992
Year

1994

1996

1

Figure 1.9: Year to Columns
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3. Place Number of Records on the Rows shelf (which is automatically
aggregated to SUM(Number of Records) and Sport on the Detail shelf.

4. Click on the dropdown on the Marks card and select Area:

o i corrs QD
e COIITEIES

Overriding Defaults

Filters.

2000
Marks
00
@
1600
1400
1200

1000

Number of Records

800

600

400

200

0

1974 1976 1978 198C 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Year

Figure 1.10: Area chart

In Figure 1.10, we can see the Number of Records over time (Year), where each line
represents one type of Sport. We chose to visualize this in a stacked area chart.

Sorting and nested sorting

Now that you are familiar with the basics of dragging and dropping pills and are
aware of Tableau's default behavior, the next thing most users want to do is to sort

the data to draw first conclusions, regarding, for example, minimum and maximum
values.

Navigate to the Nested Sorting tab and try to sort the countries by the amount of
medals won but separately for gold, silver, and bronze.
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Did it work for you? In Tableau, sorting and nested sorting can be done by simply
clicking on the icon next to each column name:

Nested Sorting
Medal Country
Bronze  China I ———————————
Romania e ||
Russia e S —
United Kingdorn
Gold China
Romania S
Russia
united kingdor [
Siver  China _
Romania
Russia
United Kingdom
LJ 20 40 60 80 100 120 140 160 180 200 220 240 260l
Number of Records@
: a

Figure 1.11: Sorting

To double-check the way of sorting, click on the arrow next to a given field, in this
case, Country, and select Sort:

jii Columns SUM(Number of Reco..
s D CTTEEED

Edit Filter...
Nested Sorting

Show Filter
Medal Country T Show Highlighter
China Clear Sort
Romenia N Format.. kO
united kingdom [N ./ show Header |
Gold China I ./ include in Tooltip NG
Russia | | | | |

Romania [— | Edit Aliases... E
United kingcom I ./ Dimension ]

Siver  China N Actribute [ S S S—-———
rosse N Measure >
Unltedegdom_ S _
romana [ SOt Shell —

0 20 4 Remove 120 140 160 180 200 220 240 260

Number of Records =

Figure 1.12: Sort settings
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From the dropdown, select Nested and the desired Field Name as well as the
Aggregation type:

Sort [Country] X

Sort By
Nested v

Sort Order

(® Ascending
(O Descending

Field Name
‘ Number of Records -
Aggregation
Sum v
S Clear

Figure 1.13: Nested Sort

After having completed and understood Sort and Nested Sort, you will immediately
be able to add value to your dashboards by presenting values in the most logical
way. Now we can move on to the next topic, the different default chart types Tableau
comes with: Show Me.
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Show Me

Show Me can help people new to Tableau to create the visualization they are looking
for, such as bar charts, histograms, and area charts. It allows the Tableau author

to create visualizations from inputted data at the click of a button. To understand
how it works, let's refer to the following screenshot, which again makes use of the
Overriding Defaults worksheet. This view can be accessed by clicking the Show Me
button in the upper-right corner of any Tableau sheet:

Data Analytics < Pages jii Columns SUM(Number of Reco.. = Show Me
B sampie-Supasor = o B
& Summer-Olympics
Filters . Qe
Search oY E Overriding Defaults
Tables Sport
Abe Athlete Aquatics ﬁ .
i
@ City Marks Archery IR
Achletics [ INEE—
@ Country ul Automatic - N
Badminton [N
@ Country Code
LY Basebal| NN N~
be  Discipline -
Evert Colour  Size  Label Basketball | ”H
Ab ]
e , Boxing [N
abc  Event gender 080 Q L — =
Detail  Toolt Canoe/ Kayak [ INNINENEGEGE i o
ail [ooltiy d
cker ’ Cyciing I :
Abc  Medal o Year Equestrian _ For a Gantt view try
2e St | Fencing N p|iee®
e Footoa!
Abc  Measure Names Gymn_ [EFY Measures

Figure 1.14: Show Me

Now let's look at the following aspects that are highlighted in the preceding
screenshot:

* A:Selected fields in the Data pane

* B:Fields deployed in the view, that is, pills

* C: The recommended view, highlighted in the Show Me panel

* D: Help text that communicates the requirements for creating the
recommended view or any selection choice over which the cursor is placed

Every icon in Show Me that isn't grayed out represents a visualization that can be
created simply by clicking on it. For example, in the preceding screenshot, Figure
1.14, the Tableau author may choose to click on the area chart icon to create an area
chart based on the selected and deployed fields.
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selected fields in the Data pane and the fields deployed in the
view.

C’ Show Me options are highlighted based on two criteria: the
\"/

Show Me may be effectively used for the following reasons:

» Efficiency: The proficient Tableau author already knows how to create the
basic visualization types. Show Me automates these basic types and thus may
be used for quicker production.

* Inspiration: Determining an effective way to visualize a dataset can be
challenging. Show Me can help with this challenge by allowing the Tableau
author to quickly consider various options.

* Education: An inexperienced Tableau author may access Show Me to
better understand how various visualizations are created. By reading the
help text displayed at the bottom of Show Me and changing pill placement
accordingly, much can be learned.

These three reasons demonstrate the strong capabilities that Show Me provides for
worksheet creation; however, be careful not to use it as a crutch. If you click on the
various options without understanding how each visualization is created, you're not
only shortchanging the educational process, but you may generate results that aren't
well understood and could lead to detrimental business decisions.

Once you are happy with the results and confident that the selected visualization
puts enough emphasis on your data story, your worksheet is ready for the next
round of development. We've looked at some basic visualization creation and
configuration techniques, so let's now look at how to group multiple worksheets into
a dashboard.

Creating dashboards

Although, as stated earlier in this section, a dashboard contains one or more
worksheets, dashboards are much more than static presentations. They're an
essential part of Tableau's interactivity. In this section, we'll populate a dashboard
with worksheets and then deploy actions for interactivity.

Let's begin by building a dashboard.
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Building a dashboard

The following are the steps for building a dashboard:

1.
2.

In the workbook for this chapter, navigate to the Building a Dashboard tab.

In the Dashboard pane, located on the left side of the Figure 1.15, double-
click on each of the following worksheets (in the order in which they are
listed) to add them to the dashboard pane: Count of Disciplines, Attendees,
Medals, and Medal Shapes:

Dashboard Layout

Default
Phone

Device Preview

Size

Sheets

[i] Fundamentals of Vi
[@ Fundamentals of Vi
[i] Overriding Defaults
[#, Countof Disciplines
Attendees

Medals

(3} Medal Shapes

(@ MeasureNames/Va
(@] MeasureNames/Va
[@ Dimensions and M
[@ Sheet1l

Objects

00 Horzontsl [ Bk

® 0 >

Web Page

Show dashboard title

Desktop Browser (1000 8... ¥

€0 Navigation
[5 Download

£ Edension

Count of Disciplines

Attendees (Men, Women)

Medals

Aquatics
Archery

Athletics
Badminton
Baseball
Basketball

Boxing

Canoe / Kayak
Cycling

Equestrian

Fencing

Football
Gymnastics
Handball

Hockey

Judo

Modern Pentathlon

Figure 1.15: Creating a dashboard

n
110 W

Count of Summer-Olympi.
| 932 15 | 2.210
924

[14]



Chapter 1

3. In the bottom-right corner of the dashboard, click in the blank area (indicated
by an arrow in Figure 1.16) to select a container. Containers are a selection

of sheets that auto-adjust to fit next to/ underneath each other on your
dashboard:

Figure 1.16: Deleting a container

4. After clicking in the blank area, you should see a blue border around the
filter and the legends. This indicates that the vertical container is selected.
Select the vertical container handle and delete it.
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5. A selected container can also be dragged to a different location on the
dashboard, replacing an existing sheet or sharing space. Note the gray shading
in Figure 1.17, which communicates where the selection will be placed. Drag
the Attendees worksheet by selecting and holding the handle and put it on top
of the Count of Disciplines worksheet in order to swap the two:

Count of Disciplines

1976
1980
1984
1988
1992
1996
2000
2004
2008

Medals

Aquatics
Archery
Athletics
Badminton
Baseball
Basketball
Boxing
Canoe / Kayak
Cycling
Equestrian
Fencing

Figure 1.17: Moving worksheets

The gray shading provided by Tableau when dragging
elements, such as worksheets and containers, onto a
‘ n/ dashboard helpfully communicates where the element
\/ will be placed. Take your time and observe carefully when
placing an element on a dashboard or the results may be
unexpected.
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Note the Floating and Tiled buttons at the bottom left, next to your
dashboard, as well as under the handle dropdown. If you select Floating
instead of Tiled, your worksheets will not auto-adjust anymore and will be
"floating" around the dashboard instead. This is a free form of worksheet
arrangement on a dashboard, which is a powerful functionality, especially
combined with transparent backgrounds. Note that floating can also be
achieved by selecting it from the More Options dropdown on the right-hand
side of every sheet in the dashboard:

[@] Overriding Defaults
[@g Countof Disciplin...
[l Attendees

[iy Medals

[y Medal Shapes

[ MeasureNames/..
[i] MeasureNames/..
[@ Dimensionsand ...

m e
Objects
00 Horizontal [] stank

3 vertical Oy Navigation

A Text [ Download
Image 2% Extension
@& WebPage

prove helpful:

Medals

Aquatics
Archery
Athletics
Badminton
Baseball
Basketball
Boxing

Canoe / Kayak
Cycling
Equestrian
Fencing
Football
Gymnastics
Handball
Hockey

Judo

Modern Pentathlon

Figure 1.18: Tiled and Floating

Go to Sheet
Duplicate Sheet
Fit

V Title

Caption
Legends
Filters
Highlighters
Parameters

View Toolbar

Use as Filter

Floating

7. Now, you can format the dashboard as desired. The following tips may

* Adjust the sizes of the elements on the screen by hovering over the
edges between each element and then clicking and dragging. Drag
the edges of containers to adjust the size of each worksheet.

* Make an element floating, as shown in Figure 1.18.

* Create horizontal and vertical containers by dragging Horizontal and
Vertical from the Objects pane onto the dashboard. Other objects,
such as Text, Image, and Blank, can be added to containers too.
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* Display the dashboard title by selecting Dashboard in the top pane,
then Show Title. Double-click the title itself to adjust:

The Olympics

Attendees (Men, Women)

Medals

Aquatics
Archery
Athletics
Badminton
Baseball
Basketball
Boxing

Canoe / Kayak
Cycling

Equestrian

Fencing
Football

Gymnastics
Handball

Hockey

Judo

Modern Pentathion

600 800 1000 1200 1400 1600 1800 2000 iy

Figure 1.19: The Olympics dashboard

As you can see, you have just created your first dashboard. All worksheets are in
place now. In the next part, we will add filter functionality to make the dashboard
more interactive and meaningful.

Adding interactivity to a dashboard

One of the primary benefits of Tableau is the interactivity it provides the end user.
Dashboards aren't simply for viewing; they're meant for interaction. In this exercise,
we'll add interactivity to the dashboard that was created in the previous exercise:

[18]



Chapter 1

Select the Medals sheet on the dashboard and click on the drop-down arrow
on the right-hand side, which will open a menu as shown in Figure 1.20.
From there, select Filters, then Sport:

Medals

Aquatics
Archery
Athletics
Badminton
SELLE
ERCGE
Boxing

Canoe / Kayak

Disable Auto Update Filters
Highlighters

Action (Gender,Year)
Action (Medal)

Count of Summer-Olympit-medals-1976-to-2008.csv
Medal V/ Use as Filter

Ignore Actions

View Toolbar >

Judo

Floating

Modern Pentathlon

Rowing Select Container: Tiled
Deselect

Remove from Dashboard

Rename Dashboard item...

Figure 1.20: Adding a filter
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2. Now select the newly created filter, Sport, click again on the drop-down
options arrow, and select Multiple Values (dropdown) as well as Apply to
Worksheets | All Using This Data Source, as shown in Figure 1.21:

Edit Filter...
Apply to Worksheets

All Using This Data Source
Selected Worksheets...

Format Filter and Set Controls...

) Customise >
V4 O.ply.T'l1|s Worksheet I/ Show Title
Athletics Edit Title...
Badminton Single Value (list) Ole)
Baseball Single Value (dropdown) =
Basketball Single Value (slider) O
Boxing Multiple Values (list)
Canoe / Kayak v/ Multiple Values (dropdown)

Figure 1.21: Filter settings

3. Lastly, place the filter above the Medals sheet by clicking and dragging it.

4. To use the images of the medals as a filter for the other worksheets on the
dashboard pane, click the Use as Filter icon located at the top-right corner of
the Medals Shapes worksheet:

Figure 1.22: The Use as Filter option
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5. Alternatively, navigate to Dashboard | Actions. In the dialog box, click Add
Action | Filter and create a filter, as shown:

® © Edit Filter Action
Name: Medal Shape >
Source Sheets
B Building a Dashboard clean |2 Runaction on:
r ]
Attendees Iy Hover
Count of Disciplines
4 Medal Shapes
@ Medals P [y Select
3 Menu

Run on single select only
Target Sheets

8 Building a Dashboard clean ¢ Clearing the selection will:
Leave the filter

© show all values
Exclude all values

Attendees

Count of Disciplines
Medal Shapes
Medals

Target Filters

Selected Fields  © All Fields
Source Field Target Field Target Data Source

Cancel [

Figure 1.23: Adding a filter action

From here on in, you are good to go and use filters and action filters. In Chapter 13,
Improving Performance, this topic will be discussed in more detail.

Having completed the preceding dashboard exercise, you should now be able to
click on various objects on the dashboard to observe the interactivity. To learn some
more advanced dashboard techniques, be sure to check out Chapter 11, Visualization
Best Practices and Dashboard Design.

To conclude, you have learned how to put existing worksheets, as tiled or floating
objects, on a dashboard. You have changed the dashboard layout by dragging and
dropping, as well as by using containers, filters, and action filters. Each of these core
activities will be repeated multiple more times throughout the book, so feel free to
come back to this chapter and repeat the exercise steps whenever needed!

Next, you will learn how to connect your own data to Tableau and work with it.
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Connecting Tableau to your data

At the time of writing, Tableau's data connection menu includes more than 70 different
connection types. And that's somewhat of an understatement since some of those types
contain multiple options. For example, Other Files includes 34 options. Of course, we
won't cover the details for every connection type, but we will cover the basics.

Upon opening a new instance of Tableau Desktop, you'll notice a link in the top-left
corner of the workspace. Clicking on that link will enable you to connect to the data.
Alternatively, you can click on the New Data Source icon on the toolbar:

#e 7 [ Gl - @ - B

Data Analytics

Connect

8 Sample - Supersto!
&3 Summer-Olympics Alibaba AnalyticDB for MySQL

Tableau Server Alibaba Data Lake Analytics

ok 0
Tables Alibaba MaxCompute
abe  Athlete Amazon Athena
@ City hartinand Sis Amazon Aurora for MySQL
@ Country st T Amazon EMR Hadoop Hive
fz g;::::::ode X Amazon Redshift
abe  Event el Anaplan
abe  Event gender Spatial file Apache Drill
Abc - Gender Statistical file R —
Abe - Medal r, ,
abe  Sport Azure Synapse Analytics
#+ Year Box

ave - Measure Names Cloudera Hadoop

4  #Men Oracle Databricks
: # Women

8. Amazon Redshift Donod

& Latitude (generaté SHO80

@ Longitude (genera OData Dropbox

=4 Number of Record Google BigQuery Esri ArcGIS Server
4 Summer-Olympic More
: ok Exasol
4 Measure Values

Firebird 3

Google Ads

Parameters Sample - EU Superstore Google Analytics

{#  Profit Bin Size Sample - Superstore

Figure 1.24: Connecting to data

Although in future chapters we'll connect to other data sources, here we'll limit the
discussion to connecting to Microsoft Excel and text files.
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Connecting to a file

Let's see how you can connect to a file, using Excel as an example:

1. Inanew instance of Tableau, navigate to Data | New Data Source | Excel to
connect to the sample Superstore dataset that installs with Tableau Desktop
(it should be located on your hard drive under My Tableau Repository |
Data sources).

2. Double-click on the Orders sheet.
Click on the New Worksheet tab, as shown in Figure 1.25:

Data Analytics :  Pages iiii Columns

I 5 Sample - Superstore l
8 Summer-Olympics

= Rows

S p Y v rers Sheet 12
Folders
= Customer Name
v & Location Marks
Country/Region [ Automatic v
State
City e
Postal Code Colour Size Text
£ Order Date 080 Q
. Order ID Detail  Tooltip
v & Product
e Category
ve Sub-Category
Manufacturer
« Product Name
i Profit (bin)
ane Region

® e

® e

< Segment

£ Ship Date

ave - Ship Mode

# Top Customers by Profit
ae Measure Names
# Discount

i+ Profit

i Profit Ratio

Parameters
i Profit Bin Size
i Top Customers

6 Data Source ) Overriding Defaults BB Building a Dashboard ~ Count of Disciplines ~ Attendees Medals MedalSha 1, B 0}

¢ > omog

Figure 1.25: New worksheet

4. Rename the newly created tab to First Worksheet by right-clicking and
selecting Rename.

5. Place Discount on the Text shelf in the Marks card.
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6. Double-click on Profit and Sales:

Pages iii Columns

= Rows

First Worksheet

Discount (Orders) 1,561
Profit (Orders) 286,397
Marks Sales (Orders) 2,297,201

Filters

(1] Automatic -

* o m

Colour Size Text

°
ooo

Detail Tooltip

B8] Measure Values

Measure Values

SUM(Discount (Order..
SUM(Profit (Orders))
SUM(Sales (Orders))

Figure 1.26: First worksheet
7. You've just created your first worksheet!

If you want to connect to a . csv file, you could use the Text file option, as shown in
Figure 1.24. 1 encourage you to try that option, as well as Access files if applicable
for you. Later in this book, in Chapter 12, Advanced Analytics, we will also connect to
spatial files.

In this section, we learned how to connect to files. We'll continue with another
important connection type in the next section: Tableau Server.

Connecting to Tableau Server

Connecting to Tableau Server is perhaps the single most important server connection
type to consider, since it's frequently used to provide a better level of performance
than may otherwise be possible. Additionally, connecting to Tableau Server enables
the author to receive not only data, but information regarding how that data is to be
interpreted — for example, whether a given field should be considered a measure or

a dimension. We'll discuss the difference between these terms in the Dimensions and
measures section later in the chapter.
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The following are the steps for connecting to Tableau Server:

1. To complete this exercise, access to an instance of Tableau Server is
necessary. If you don't have access to Tableau Server, consider installing a
trial version on your local computer.

2. In the workbook associated with this chapter, navigate to the Connecting to
Tableau Server worksheet.

3. Right-click on the Superstore data source and select Publish to Server...:

Data Analytics s Pages

2 Sample - Superstnra
& SummenOlym Edit Data Source...

Refresh
i View Data...
Folders Rename...
= OrderDate\(0 Duplicate
Close

Postal Code{(C  Extract Data...

&F bk,
[

Edit Data Source Filters...

Replace Data Source...

Assume Referential Integrity

Date Properties...

£ ShipDate (Orc  Edit Aliases... >
Ship Mode (Or oose Fields for Explain Data...

© State (Orders ) T

Ac Sub-Category  Adq to Saved Data Sources...
‘e MeasureNam  Export Data to CSV >

‘e Region (Order
4 Row ID (Order
Segment (Ord

# Discount (Ord
#+  Profit (Orders)
Quantity (Orders)
# Sales (Orders)
@ Latitude (generated)
Figure 1.27: Publish to Server...

Properties...

4. Login to Tableau Server and follow the prompts to complete the publication
of the data source.

5. Open a new instance of Tableau Desktop and select Data | New Data Source
| Tableau Server, then search for the Superstore dataset you just published
and connect.
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Having completed the preceding two exercises, let's discuss the most germane point,
that is, metadata. Metadata is often defined as data about the data. In the preceding
case, the data source name, default aggregation, and default number formatting are
all examples of consistency across multiple authors. If you were to change a field
name, for example, then publish the data source to Tableau Server, the new field
name would remain, since Tableau remembers changes made to the metadata. This
is important, for example, if your company has a policy regarding the use of decimal
points when displaying currency; that policy will be easily adhered to if all Tableau
authors start building workbooks by pointing to data sources where all formatting
has been predefined.

Later on in this book, we will connect to other server types, like Google BigQuery,
but the handling of all servers is pretty much the same and very straightforward.
If you still have questions, you can always check out https://help.tableau.com/
current/pro/desktop/en-us/exampleconnections_overview.htm.

Now, our last missing piece regarding connections is saved data sources. Please
follow along with the next section to understand those as well.

Connecting to saved data sources

Connecting to a saved data source on a local machine is very similar to connecting to
a data source published on Tableau Server. Metadata definitions associated with the
local data source are preserved just as they are on Tableau Server. Of course, since
the data source is local instead of remote, the publication process is different.

Let's explore the following steps to create a local data connection using an example:

1. Inthe workbook associated with this chapter, navigate to the First
Worksheet tab.

2. Inthe Data pane, right-click on the Superstore data source and select Add to
Saved Data Sources.

3. Using the resulting dialog box, save the data source as Superstore in My
Tableau Repository | Data sources, which is located on your hard drive.

4. Click on the Go to Start icon located in the top-left part of your screen and
observe the newly saved data source:
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Connect

Tableau Server

Microsoft Excel
Text file

JSON file

PDF file
Spatial file
Statistical file

More..

Oracle
Amazon Redshift
OData
Google BigQuery

More.

Sample - EU Superstore
Sample - Superstore

World Indicators

Figure 1.28: Saved Data Sources
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You can save a local data source that points to a published data
/ source on Tableau Server. First, connect to a published data source
\/(n; on Tableau Server. Then, right-click on the data source in your
workspace and choose Add to Saved Data Sources. Now you can
connect to Tableau Server directly from your start page!

Now that we've learned how to connect to files, Tableau Server, and saved data
sources, we will continue our journey and dive into more details regarding Measure
Names and Measure Values.

Measure Names and Measure Values

I've observed the following scenario frequently: a new Tableau author creates a
worksheet and drags a measure to the Text shelf. The author does this in order to
create another row to display a second measure but doesn't know how. They drag
the second measure to various places on the view and get results that seem entirely
unpredictable. The experience is very frustrating for the author since it's so easy to
accomplish this in Microsoft Excel! The good news is that it's also easy to accomplish
this in Tableau. It just requires a different approach.

Measure Names and Measure Values are generated fields in Tableau. They don't
exist in the underlying data, but they're indispensable for creating many kinds

of views. As may be guessed from its placement in the Data pane and its name,
Measure Names is a dimension whose members are made up of the names of each
measure in the underlying dataset. Measure Values contains the numbers or values
of each measure in the dataset.

In this section, we'll watch what happens when these generated fields are used
independently, then observe how they work elegantly together to create a view. Let's
explore this with an exercise:

1. Inthe workbook associated with this chapter, navigate to the
MeasureNames/Values worksheet and make sure that the 0lympics data
source is selected.

2. Drag Measure Values to the Text shelf and observe the results:
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Fiters MeasureNames/Values
15,388
Marks
Automatic v
- & @
Colour Size Text

Detail

Measure Values

Tooltip

Measure Values

SUM(# Men)

SUM(# Woman)
CNT(Summer-Olymp..
SUM(Number of Rec..

Figure 1.29: Measure Values

3. Clear the worksheet by clicking on the Clear Sheet icon on the toolbar:

HIAGF

Figure 1.30: Clear Sheet

4. Now, drag Measure Names to the Rows shelf and observe that the view
merely displays no Measure Values.
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5. Drag Measure Values to the Text shelf. Note the list of measures and
associated values:

Pages iii Columns

Rows Measure Names

Filters
MeasureNames/Values
# Men 9,388
# Woman 5,928
Marks Count of Summer-Olympic.. 15,316
Number of Records 15,316
Automatic v
*e &
Colour Size Text
ogo Q

Detail Tooltip

Measure Values

Measure Values

Figure 1.31: List of Measure Values

Perhaps the relationship between Measure Names and Measure Values is best
explained by an analogy. Consider several pairs of socks and a partitioned sock
drawer. Step 2 is the equivalent of throwing the socks into a pile. The results are,
well, disorganized. Step 4 is the equivalent of an empty sock drawer with partitions.
The partitions are all in place but where are the socks? Step 5 is a partitioned drawer
full of nicely organized socks. Measure Names is like the partitioned sock drawer.
Measure Values is like the socks.

Independent of one another, they aren't of much use. Used together, they can be
applied in many different ways.
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Measure Names and Measure Values

shortcuts

Tableau provides various shortcuts to quickly create the desired visualization. If
you're new to the software, this shortcut behavior may not seem intuitive. But with
a little practice and a few pointers, you'll quickly gain an understanding of it. Let's
use the following exercise to explore how you can use a shortcut to rapidly deploy

Measure Names and Measure Values:

1. Inthe workbook associated with this chapter, navigate to the
MeasureNames/Values ShrtCts worksheet.

2. Drag # Women onto Text in the Marks card.

Drag # Men directly on top of # Women in the view (Show Me appears):

Tables

Abc  Athlete

@ City

@ Country

@ Country Code
Abc  Discipline

Abc  Event

Abc  Event gender

Abc  Gender
abc  Medal
abc  Sport
#  Year

Abc  Measure Names
=+ #Men
# #Women

| = Stowve

Marks
Automatic v
: & @
Colour Size Text
oS0 L

Detail Tooltip

Bl SUM(# Women)

Figure 1.32: Show Me and Measures
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4. Observe the results, including the appearance of the Measure Values shelf,
and the deployment of Measure Names on the Rows and Filters shelves and
Measure Values on the Text shelf:

Pages jii Columns

= Rows Measure Names

MeasureNames/ValuesShrtCts

Filters

Measure Names

# Men 9,388
# Women 5,928
Marks
Automatic v
o &
Colour Size Text
ogo Q
Detail Tooltip

Bl Measure Values

Measure Values

SUM(# Men)

SUM(# Women)

Figure 1.33: Measure Values appearance

Several things happened in Step 2 of this exercise. After placing the # Men number on
top of the # Women number in the view, Tableau did the following:

1. Deployed Measure Names on the Filters shelf:

* Open the Measure Names filter by right-clicking and hit Edit. Observe
that only # Men and # Women are selected. This limits the view to
display only those two measures.

2. Deployed Measure Names on the Rows shelf:

* Measure Names is acting like a partitioned container, that is, like the
sock drawer in the analogy. Because of the filter, the only rows that
display are for # Men and # Women.
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3. Displayed the Measure Values shelf:

* The Measure Values shelf is somewhat redundant. Although it
clearly shows the measures that display in the view, it essentially acts
as an easy way to access the filter. You can simply drag measures
on and off of the Measure Values shelf to adjust the filter and thus
display/hide additional Measure Values. You can also change the
order within the Measure Values shelf to change the order of the
measures in the view.

4. Deployed Measure Values on the Text shelf:

* Measure Values is simply defining the numbers that will display for
each row —in this case, the numbers associated with # Men and # Women.

If the visualization has an axis, the shortcut to deploy Measure Names and Measure
Values requires the placement of a second measure on top of the axis of an initial
measure. In Figure 1.34, Year is located on the Columns shelf and Number of
Records on the Rows shelf. Note that the screenshot has been taken while # Women
has been placed on top of the y-axis:

Data Analytics s || Pages iii Columns _
[ Sample - Superstore Rows SUM(Number of Reco..

€5 Summer-Olympics

5V - G MeasureNames/Values ShrtCts

r |
Tables rA

Athlete ot

City Marks

Country A~ Automatic - LR
Country Code

Drscipline

Event

Event gender

Gender

Medal

Sport

Year

Measure Names

#Men ’//
# Women

Latitude (generated)

Longitude (generated)

Number of Records

Summer-Olympic-medals...

Measure Valves 450

1,305

Numberof Records

Parameters
Profit Bin Size L ‘g
Top Customers R R R e R IRS L B TN L C R EC KR L

Year

Figure 1.34: Axis shortcut

[33]



Getting Up to Speed — A Review of the Basics

The resulting worksheet can be seen in Figure 1.35. Note that Measure Names has
been placed on Color to better see which line has been added:

Pages ili Cotumns CI
= Rows
Flt Me; N.
e MeasureNames/Values ShrtCts seuetiames
B = Women

B Number of Records
2.042

Marks.

A~ Automats -d‘ TR0
& O

Colowr  Swre Label

L QW o~

Detat  Tootip  Path

a0
R Measure Names ] .

Value

Measure Values

pREAB)
SUM(# Women) 889 932
SUM(Number of Rec.. — 777 899

486 " 600
- 535

Year

Figure 1.35: Two-line chart

The preceding section gave us a better understanding of Measure Names and
Measure Values. You will come across those concepts more in your Tableau career,
but now that you've successfully mastered the basics, let's move on to three other
concepts that will be beneficial for your learning curve.

Three essential Tableau concepts

An important step on the road to mastering Tableau involves three essential
concepts. In this section, we'll discuss each of them:

* Dimensions and measures
* Row-level, aggregate-level, and table-level calculations

¢ Continuous and discrete

We'll start by defining dimensions and measures.
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Dimensions and measures

Tableau categorizes every field from an underlying data source as either a
dimension or a measure. A dimension is qualitative or, to use another word,
categorical. A measure is quantitative or aggregable. A measure is usually a number
but may be an aggregated, non-numeric field, such as MAX (Date). A dimension is
usually a text, Boolean, or date field, but may also be a number, such as Number of
Records. Dimensions provide meaning to numbers by slicing those numbers into
separate parts/categories. Measures without dimensions are mostly meaningless.

Let's look at an example to understand better:

1. Inthe workbook associated with this chapter, navigate to the Dimensions
and Measures worksheet.

2. Drag Number of Records to the Rows shelf. The result is mostly
meaningless. The Number of Records measure is 15,316, but without the
context supplied by slicing the measure with one or more dimensions, there
is really no way to understand what it means:

15,316
Marks
Automatic v
: &
Colour Size Text
ogo Q
Detail Tooltip

SUM(Number ..

Figure 1.36: Worksheet without context
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3. Place Country and Year on the Columns shelf:

il Golurs
= Rows SUM(Number of Reco..

Dimensions and Measures

Country

Afghanistan Algeria Argentina Armenia Australia Austria

400

300

200

Number of Records

100

0 . — \/f = ———

1980 2000 1980 2000 1380 2000 1980 2000 1980 2000 1980 2000

Year Year Year Year Year Year

Figure 1.37: Dimensions and Measures

As shown in Figure 1.37, Step 3 brings meaning. Placing Country and Year on the
Columns shelf provides context, which imparts meaning to the visualization.

Row-level, aggregate-level, and table-level
calculations

There are three levels of calculations in Tableau: row, aggregate, and table. To
understand how these three levels function, it's important to understand the Tableau
processes. We'll do so with an example that considers the Number of Records and
Quantity fields from the Superstore dataset.

Consider the following calculation types, calculated fields, and queries. A
comparison to the commonly used language SQL will give us a better understanding
of how to interpret Tableau calculations. Note that the SQL is slightly simplified for
the sake of this example.
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Let's take a deeper look at the three levels of calculations and consider the example

in the following table:

Calculation Calculated field in Tableau Query passed to data source

type

Row level Number of Records/Quantity SELECT SUM(Number of Records
/ Quantity)
FROM Orders

Aggregate Sum([Number of Records])/ SELECT SUM([Number of

level Sum(Quantity) Records]),
SUM(Quantity) FROM [Orders]

Table level WINDOW_AVG(Sum([Number of SELECT SUM([Number of

Records])/Sum(Quantity))

Records]),

SUM(Quantity) FROM [Orders]

For the row- and aggregate-level calculations, the computation is actually completed
by the data source engine, as Tableau is an in-memory tool. Tableau merely displays
the results. This, however, isn't the case for the table-level calculation. Although the
query passed to the data source for the table-level calculation is identical to the query
for the aggregate-level calculation, Tableau performs additional computations on the
returned results. Let's explore this further with an exercise using the same calculated

fields.

Let's look at the following steps and begin our exercise:

1. Inthe workbook associated with this chapter, navigate to the Row_Agg Tbl
worksheet.

2. Select Analysis | Create Calculated Field to create the following calculated
fields. Note that each must be created separately; that is, it isn't possible
in this context to create a single calculated field that contains all three
calculations:

Name the first calculation Lev - Row and enter the following code:

[Number of Records]/[Quantity].

Next, name the second calculation Lev - Agg and enter the following
code: SUM ([Number of Records])/SUM (Quantity).

Lastly, name the third calculation Lev - Tab and enter WINDOW_AVG

([Lev - Aggl).

3. Inthe Data pane, right-click on the three calculated fields you just created
and select Default Properties | Number format.
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4. In the resulting dialog box, select Percentage and click OK.
5. Place Order Date on the Columns shelf.

6. Place Measure Names on the Rows shelf, and Measure Values on Text on
the Marks card.

7. Exclude all values except for Lev - Row, Lev - Agg, and Lev - Tab by
dragging them off the Measure Values shelf or removing them from the
Measure Names filter:

Pages iii Columns @ YEAR(Order Date (..
= fows

Filters

Row_Agg_Tbl
Order Date (Orders)
2016 2017 2018 2019
Marks Lev - Agg 26.29% 26.34% 26.30% 26.55%
Lev - Row 73049.74% 77204.53% 95156.77% 125019.20%
[1] Automatic v
Lev-Tab 26.37% 26.37% 26.37% 26.37%
o &
Colour Size Text
ogo Q
Detail Tooltip

Measure Values

Measure Values

AGG(Lev - Agg)
SUM(Lev - Row)
A

Lev -Tab

Figure 1.38: Level of calculations

* Lev- Aggis an aggregate-level calculation. The computation is
completed by the data source engine. The sum of [Number of
Records] is divided by the sum of [Quantity]. The results of the
calculation are likely useful for the Tableau author.
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* Lev-Row is a row-level calculation. The computation is completed
by the data source engine. [Number of Records] is divided by
[Quantity] for each row of the underlying data. The results are
then summed across all rows. Of course, in this case, the row-level
calculation doesn't provide useful results; however, since a new
Tableau author may mistakenly create a row-level calculation when
an aggregate-level calculation is what's really needed, the example is
included here.

* Lev-Tab is a table calculation. Some of the computation is
completed by the data source engine, that is, the aggregation. Tableau
completes additional computation on the results returned from the
data source engine based on the dimensions and level of detail in
the data displayed in the sheet. Specifically, the results of Lev - Agg
are summed and then divided by the number of members in the
dimension. For the preceding example, this is:

26.29% + 26.34% + 26.30% + 26.55%
4

Once again, the results in this case aren't particularly helpful but do demonstrate
knowledge that the budding Tableau author should possess.

Continuous and discrete

Continuous and discrete aren't concepts that are unique to Tableau. Indeed, both can
be observed in many arenas. Consider the following example:

Figure 1.39: Continuous and discrete
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The preceding diagram is of two rivers: River-Left and River-Right. Water is flowing
in River-Left. River-Right is composed of ice cubes. Could you theoretically sort the
ice cubes in River-Right? Yes! Is there any way to sort the water in River-Left? In
other words, could you take buckets of water from the bottom of the river, cart those
buckets upstream and pour the water back into River-Left and thereby say, I have
sorted the water in the river? No. The H O in River-Left is in a continuous form, that

2
is, water. The H,O in River-Right is in a discrete form, that is, ice.

Having considered continuous and discrete examples in nature, let's turn our
attention back to Tableau. Continuous and discrete in Tableau can be more clearly
understood with the following seven considerations:

1. Continuous is green. Discrete is blue:

* Select any field in the Data pane or place any field on a shelf and
you'll note that it's either green or blue. Also, the icons associated
with fields are either green or blue.

2. Continuous is always numeric. Discrete may be a string.
3. Continuous and discrete aren't synonymous with dimension and measure:

* It's common for new Tableau authors to conflate continuous with
measure and discrete with dimension. They aren't synonymous. A
measure may be either discrete or continuous. Also, a dimension,
if it's a number, may be discrete or continuous. To prove this point,
right-click on any numeric or date field in Tableau and note that you
can convert it:

‘ : AGG{Lev -
Show Filter o Add to Sheet
» State Lév - Agg )
. Show Filter
Sub-Category Duplicate # Lev-Row
Measures RS Lev - Tab Duplicate
Hide b Rename
Discount | Proft
Lev - Agg Create [ | Frofit Ratio
Tra ¥ 7 " [ L]
Lev - Row L | Sats Create
Lev - Tab Convert to Continuous | o iy Set
Prafit Change Data Type 'Ls - Convert to Discrete .
arameters Convert to Dimension "

Figure 1.40: Converting between discrete and continuous
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Discrete values can be sorted. Continuous values can't:

* Sortable/not sortable behavior is most easily observed with dates, as
shown in the following example:

g - T

YEAR(Order Da..
SUM(Sales)

$600K

$400K

Sales

$200K
$0K

2015 2016

Sales

IF g - T

YEAR(Order Da..
SUM(Sales)

Order Date

2014 2015

Figure 1.41: Left: continuous (not sortable). Right: discrete (sortable)

Continuous colors are gradients. Discrete colors are distinct:

* The following example shows Profit as continuous and then as
discrete. Note the difference in how colors are rendered. The left
portion of the screenshot demonstrates the continuous results in
gradients, and the right portion demonstrates the discrete results in

distinctly colored categories:

1l Automatic v | = Rows SUM(Profit) 10l Automatic v = Rows SUM(Profit)
S & @ Region & & @ Region
Color = Size = Label Color | ' Size ' ' Label
$100K $100K
o | I o O
Detail Tooltip Detail  Tooltip
& &
§ - £
B SUM(Profit) 2 450k «: @IGED) £ 50k
SUM(Profit) SUM(Profit) I
$0K W $40K $0K
$40K $108K E 2 £ % W $47K g B & %
5§ W g = M $92K § Y 8 3
< 1 $108K ~

Figure 1.42: Profit as continuous (left) and discrete (right)
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6. Continuous pills can be placed to the right of discrete pills, but not to the left
because the discrete pills define the aggregation level:
* The Tableau author is able to place Region to the right of Year when
Year is discrete.
* The Tableau author is unable to place Region to the right of Year
when Year is continuous.

7. Continuous creates axes. Discrete creates headers:

* Note in the left portion of the following screenshot that Year(Order
Date) is continuous and the Year of Order Date axis is selected.
Since Year of Order Date is an axis, the entire x-plane is selected. In
the right portion, however, Year(Order Date) is discrete and 2014 is
selected. Since 2014 is a header only, it's selected and not the entire
x-plane:

iii Columns & YEAR(Order Date) iii Columns & YEAR(Order Date)
= Rows SUM(Sales) = Rows SUM(Sales)

Order Date

Sales

Sales

2015 2016
Year of Order Date 2014 201

Figure 1.43: Continuous (left) and discrete (right) dates

Congratulations, you just mastered three important concepts in Tableau: measures
and dimensions, the level of calculations, and discrete and continuous values. With
this knowledge alone, you will be able to create your first dashboards. I want to
highly encourage you to do so; the learning curve when playing around with these
tools will be very steep, and you will gain confidence quickly with practice! It will
also help you to follow along in the upcoming chapters.

To conclude the basics, we will cover the export of dashboards to other devices next.
Even if you don't feel ready to do so yet, it will round up the basic Tableau Desktop
tour and will provide the raw diamond as a whole. We can then continue improving
all bits and pieces in future chapters!
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Exporting data to other devices

Once a dashboard looks as it's expected to, the developer has different choices
for sharing the work. An upload to Tableau Server is the most likely option. The
end user might not look at the results on just a laptop; they could use a tablet or
cellphone, too.

Exporting data to a mobile phone

While developing a dashboard, Tableau Creator has the option to take a look at
Device Designer or Device Preview. You can find it here:

Default
Phone

| Device Preview

Sire
Customsize{1100x 700) -

{

Fundamentals of ..
Fundarmentals of .
Qverrschng Defauits
Count of Diserphn...
Attendees

Medals

Medal Shapes

First Worksheat
MeasureNames/ .,
MeasureNamess

SEEHDED

() & &

Figure 1.44: Device Preview
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Tableau comes with default phone settings. If needed, those defaults can be adjusted
by clicking on Phone and then on the three dots. Once you're in the Device Designer
mode, select a Device type option and you'll get choices of the most common
models:

Dashboard Layout ¢ Device Preview Device type ¢ Phone > Model Generic Phone (375 x 667)
iPhone X, XS, 11, 11 Pro (375 x 812)
Default iPhone XR, XS Max, 11 Pro Max (414 x 896)

Phone g - The Olympics iPhone 7, 8 (375 x 667)

iPhone 7 Plus, 8 Plus (414 x 736)
Samsung Galaxy S Series (360 x 740)
Size - Phone Samsung Galaxy Note Series (480 x 853)
Google Pixel Series (411 x 731)
Default Nexus Series (411 x 731)
Fitall -
® Fit width

) Attendees (Men, Women)
Height 1050 px

-

Figure 1.45: Device type set to Phone

Please be aware that you can only use the sheets that are in the default layout of
your dashboard. If you want to add a default layout for a tablet, for example, go into
Device Designer mode, select Tablet, and move the content in a way that means the
sheets you want to see on your tablet are within the device frame. Satisfied? Then
add the new layout (highlighted with a red box in Figure 1.46) to the workbook. It
will appear under the Default one in the top-left area:

Dashboard Layout Device Preview  Device type| ¢ Tablet »| Model « iPad Mini (1024 x 768) » &5 [¥] Tableau Mobile app Add Tablet Layout

Defautt
Phone

Device Preview

Size
Customsize (1100x700) =

Sheets

[ Fundamentals of

Figure 1.46: Add Tablet Layout

The user can now select the design needed whenever opening a workbook from
Tableau Server.

Not only can your projects be viewed conveniently on a mobile device, but you
can also work on them on the go using Tableau Mobile! We'll cover this in the next
section.
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Tableau Mobile

In order to support flexible working, Tableau has created an app that can be
downloaded in the App Store or from Google Play, called Tableau Mobile. Once
installed on your phone and/ or tablet, you will get an option to connect the app to
Tableau Server or Tableau Online. Go ahead and publish the dashboard we created
in this chapter, The Olympics, to either of those two instances. If you have questions
regarding the publishing, please see Chapter 14, Interacting with Tableau Server/Online,
for further instructions.

At the bottom of your landing page, click Explore to see all the views you just
published. Click on the Building a Dashboard view and see your previously created
dashboard, The Olympics:

Athletics
Badminton
Baseball
EHGGE
Boxing
Canoe / Kayak
Cycling
Equestrian
Fencing
Football
Gymnastics
Handball

Count of Disciplines

1976
1980
1984
1988
1992
1996
2000
2004
2008

500 1000 1500 2000

Figure 1.47: Mobile dashboard
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And the best part is yet to come. The dashboard is fully interactive, so try the drop-
down filter or the medals filter. Also, try to click on a mark and select Keep Only. By
clicking on the workbook icon at the top right, the first icon from the left, all the other
sheets you created will be visible, making it possible to switch between sheets:

8:04 il © @

Q* oes

Mastering Tableau 2020 Starter

Attendees

Fundamental...f Visualization

Overriding Defaults

Building a Dashboard

Count of Disciplines

Attendees

Medals

Medal Shapes

Building a...board clean

Figure 1.48: Sheet selection

Now, if you click the three dots at the top right, even more options will appear, such
as Revert, Alert, Subscribe, and so on. To learn more about the different options that
are also available on Tableau Server, see Chapter 14, Interacting with Tableau Server/
Online. For now, we can conclude that Tableau Mobile makes it easy to check your
favorite dashboards wherever you are.
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Summary

In this chapter, we covered the basics of Tableau. We began with some basic
terminology, then we looked at the basics of creating worksheets and dashboards.
We focused on default behavior, how to override that behavior, and we considered
some best practices. Then, we reviewed the fundamental principles of Measure
Names and Measure Values. After that, we explored three essential Tableau
concepts: dimensions and measures; row-, aggregate-, and table-level calculations;
and the concepts of continuous and discrete. Of particular importance is
understanding that row- and aggregate-level calculations are computed by the data
source engine, while table-level calculations are handled by Tableau. Finally, we saw
how to adjust your dashboard for other devices, such as a cellphone or tablet and
Tableau Mobile in action.

In the next chapter, we'll continue our Tableau exploration by looking at data. We'll
consider how data is prepared using Tableau's data handling engine, Hyper, and
explore some useful data preparation models and techniques.
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All About Data —
Getting Your Data Ready

Ever asked yourself whether your data is clean enough to be analyzed? It's likely that
everyone who works with data has, which is why this chapter is dedicated to getting
your data ready for analysis, otherwise known as data cleaning.

The first part of this chapter is theory-oriented and does not include exercises. A
careful reading of this information is encouraged, since it provides a foundation
for greater insight. The latter portion of the chapter provides various exercises
specifically focused on data preparation.

Now let's dive into this fascinating topic with the goal of enriching our
understanding and becoming ever-better data stewards.
In this chapter, we will discuss the following topics:

* Understanding Hyper

* Data mining and knowledge discovery process models

¢ CRISP-DM

* Focusing on data preparation

* Surveying data

* Cleaning messy data
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Since Tableau Desktop 10.5 has been on the market for some time, you may already
have heard of Hyper. Regardless of whether you have or not, continue reading for a
primer on this useful tool!

Understanding Hyper

In this section, we will explore Tableau's data-handling engine, and how it enables
structured yet organic data mining processes in enterprises. Since the release of
Tableau 10.5, we can now make use of Hyper, a high-performing database, allowing
us to query source data faster than ever before. Hyper is Tableau's data-handling
engine, which is usually not well understood by even advanced developers, because
it's not an overt part of day-to-day activities; however, if you want to truly grasp
how to prepare data for Tableau, this understanding is crucial.

Hyper originally started as a research project at the University of Munich in 2008. In
2016, it was acquired by Tableau and appointed as the dedicated data engine group
of Tableau, maintaining its base and employees in Munich. Initially in 10.5, Hyper
replaced the earlier data-handling engine only for extracts. It is still true that live
connections are not touched by Hyper, but Tableau Prep Builder now runs on the
Hyper engine too, with more use cases to follow.

What makes Hyper so fast? Let's have a look under the hood!

The Tableau data-handling engine

The vision shared by the founders of Hyper was to create a high-performing, next-
generation database; one system, one state, no trade-offs, and no delays. And it
worked —today, Hyper can serve general database purposes, data ingestion, and
analytics at the same time.

Memory prices have decreased exponentially. If we go back in time to 1996, 1 GB

of data could cost $45,000 in production costs. Today, much more than that can be
found on every phone, or even on a smartwatch, costing as little $2 to produce. The
same goes for CPUs; transistor counts increased according to Moore's law, while
other features stagnated. Memory is cheap but processing still needs to be improved.

Moore's Law is the observation made by Intel co-founder Gordon
Moore that the number of transistors on a chip doubles every two
, years while the costs are halved. In 1965, Gordon Moore noticed
\/{p; that the number of transistors per square inch on integrated circuits
had doubled every two years since their invention. Information
on Moore's Law can be found on Investopedia at https://www.
investopedia.com/terms/m/mooreslaw.asp.
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While experimenting with Hyper, the founders measured that handwritten C code is
faster than any existing database engine, so they came up with the idea to transform
Tableau Queries into LLVM code and optimize it simultaneously, all behind the
scenes, so the Tableau user won't notice it. This translation and optimization comes
at a cost; traditional database engines can start executing code immediately. Tableau
needs to first translate queries into code, optimize that code, then compile it into
machine code, after which it can be executed. So the big question is, is it still faster?
As proven by many tests on Tableau Public and other workbooks, the answer is yes!

Furthermore, if there is a query estimated to be faster if executed without the
compilation to machine code, Tableau has its own virtual machine (VM) in which
the query will be executed right away. And next to this, Hyper can utilize 99%

of available CPUs, whereas other paralyzed processes can only utilize 29% of
available CPUs. This is due to the unique and innovative technique of morsel-driven
parallelization.

For those of you that want to know more about morsel-driven
parallelization, a paper, which later on served as a baseline for the
Hyper engine, can be found at https://15721.courses.cs.cmu.

\/V edu/spring2016/papers/p743-1leis.pdf.

If you want to know more about the Hyper engine, I can
highly recommend the following video at https://youtu.be/
h2av4CX0k6s.

Hyper parallelizes three steps of traditional data warehousing operations:

* Transactions and Continuous Data Ingestion (Online Transaction
Processing, or OLTP)

* Analytics (Online Analytical Processing, or OLAP)
* Beyond Relational (Online Beyond Relational Processing, or OBRP)

Executing those steps simultaneously makes it more efficient and more performant,
as opposed to traditional systems where those three steps are separated and executed
one after the other.

To sum up, Hyper is a highly specialized database engine that allows us as users
to get the best out of our queries. If you recall, in Chapter 1, Getting Up to Speed - A
Review of the Basics, we already saw that every change on a sheet or dashboard,
including drag and drop pills, filters, and calculated fields, among others, are
translated into queries. Those queries are pretty much SQL-lookalikes, however, in
Tableau we call the querying engine VizQL.
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VizQL, another hidden gem in your Tableau Desktop, is responsible for visualizing
data into chart format and is fully executed in memory. The advantage is that no
additional space on the database site is required here. VizQL is generated when a
user places a field on a shelf. VizQL is then translated into SQL, MDX, or Tableau
Query Language (TQL), and passed to the backend data source with a driver. Two
aspects of the VizQL module are of primary importance:

* VizQL allows you to change field attributions on the fly

¢ VizQL enables table calculations

We'll discuss these two aspects in more detail in the following sections.

Changing field attribution

In this section, we'll demonstrate how changing a worksheet's field attribution will
allow you more flexibility in your dashboard creation.

Let's look at the World Happiness Report. Please navigate to the workbook
associated with this chapter on https://public.tableau.com/profile/marleen.
meier and open the Score per country sheet. We create the following worksheet by
placing AVG(Happiness Score) and Country on the Columns and Rows shelves
respectively. AVG(Happiness Score) is, of course, treated as a measure in this case.
Lastly, sort the countries by their happiness score, highest to lowest.

Let's take a look at this in the following screenshot:
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Figure 2.1: Happiness score by country

Next, please create a second worksheet called Score/Rank to analyze the scores
relative to the ranks by using Happiness Score on Rows and Happiness Rank on
Columns. Both pills should be continuous, hence green-colored.
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In order to accomplish this, the user defines Happiness Rank as a Dimension, as
shown in the following screenshot:

iZ Rows

AVG(Happiness Scor..

iii Columns

Happiness Rank -

Filter...
- Show Filter

Format...
V Show Header
V Include in Tooltip

+/ Dimension
Attribute
Measure >

Discrete
v Continuous

Edit in Shelf

Remove

Score/Rank

Avg. Happiness Score

C 10 29 30 40 50 60 70 80 90 100 110 120 130 140

Happiness Rank

150

Figure 2.2: Ranking score per country

Please note that Columns and Rows have been moved to the
left for better readability. This can be achieved by dragging and
dropping the shelves.

In order to add steps to your visualization, click on Path in the
Marks Card and select the second option, Step.
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You can view the code generated by Tableau that is passed to the data source with
the performance recorder, which is accessible through Help, then Settings and
Performance, and then Start Performance Recording. See Chapter 13, Improving
Performance, for additional details.

Studying the SQL generated by VizQL to create the preceding visualization is
particularly insightful:

SELECT [ 'Happiness Report$'].[Happiness.Rank] AS [Happiness.Rank],
AVG([ 'Happiness Report$'].[Happiness.Score]) AS [avg:Happiness.
Score:ok] FROM

[dbo].[ 'Happiness Report$'] ['Happiness Report$'] GROUP BY [ 'Happiness
Report$'].[Happiness.Rank]"

The GROUP BY clause clearly communicates that Happiness Rank is treated as a
dimension because grouping is only possible on dimensions. The takeaway is to note
that VizQL enables the analyst to change the SQL code input by changing a field
from measure to dimension rather than the source metadata. This on-the-fly ability
enables creative exploration of the data that's not possible with other tools, and
avoids lengthy exercises attempting to define all possible uses for each field.

The previous section taught us how we can manipulate data types in Tableau itself
without touching the data source and its metadata itself. In the next section, we will
take a closer look at table calculations.

Table calculation

In this section, we will explore how VizQL's table calculations can be used to add
data to a dashboard without adding any data to the data source.

In the following example, which can be viewed by opening Sheet 4 on this chapter's
workbook, note that Freedom on the vertical axis is set to Quick Table Calculation
and Moving Average. Calculating a Moving Average, Running Total, or other such
comparison calculations can be quite challenging to accomplish in a data source.
Not only must a data architect consider what comparison calculations to include

in the data source, but they must also determine the dimensions for which these
calculations are relevant.
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VizQL greatly simplifies such challenges using table calculations, as seen in the
following screenshot:

1.2

il Cotuns
Erows -
Filter...
Sheet 4 Show Filter
Format...
v Show Header
18 V Include in Tooltip
Dimension
16 Attribute
V Measure (Sum)
Discrete
14

v Continuous
Edit in Shelf

Compute Using

Edit Table Calculation...
Clear Table Calculation

Moving Average of Freedom

1.0
Quick Table Calculation > Running Total

Remove D:fferencg
0.8 Percent Difference
Percent of Total
Rank
0.6 Percentile
v/ Moving Average
0.4
0.2
0.0
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

Happiness Rank

Figure 2.3: Moving average

Taking a look at the relevant portion of SQL generated by the preceding worksheet
shows that the table calculation is not performed by the data source. Instead, it is
performed in Tableau by the VizQL module.

The following is the SQL query:

SELECT SUM([Happiness Report$].[Freedom]) AS [sum:Freedom:ok],
[Happiness Report$].[Happiness.Rank] AS [Happiness.Rank]

FROM [dbo].[Happiness Report$] [Happiness Report$] GROUP BY [ 'Happiness
Report$'].[Happiness.Score]
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To reiterate, nothing in the preceding call to the data source generates the moving
average. Only an aggregated total is returned, and Tableau calculates the moving
average with VizQL.

Hyper takeaways

This overview of the Tableau data-handling engine demonstrates a flexible approach
to interfacing with data. Knowledge of the data-handling engine is helpful if you
want to understand the parameters for Tableau data readiness. Two major takeaways
from this section are as follows:

* Itis not necessary to explicitly define data types and roles for optimal
Tableau usage.

* Comparison calculations such as moving averages and running totals can
be addressed by table calculations in Tableau and thus do not need to be
calculated in advance.

The knowledge of these two takeaways can reduce data preparation and data
modeling efforts, and thus helps us streamline the overall data mining life cycle. Don't
worry too much about data types and data that can be calculated based on the fields
you have in your database. Tableau can do all the work for you in this respect. In the
next section, we will discuss what you should consider from a data source perspective.

Data mining and knowledge discovery
process models

Data modeling, data preparation, database design, data architecture —the question
that arises is, how do these and other similar terms fit together? This is no easy
question to answer! Terms may be used interchangeably in some contexts and be
quite distinct in others. Also, understanding the interconnectivity of any technical
jargon can be challenging.

In the data world, data mining and knowledge discovery process models attempt to
consistently define terms and contextually position and define the various data sub-
disciplines. Since the early 1990s, various models have been proposed.

[57]



All About Data - Getting Your Data Ready

Survey of the process models

In the following table, we can see a comparison of blueprints for conducting a data
mining project with three data processing models, all of which are used to discover
patterns and relationships in data in order to help make better business decisions.

The following list is adapted from A Survey of Knowledge Discovery

\/V and Data Mining Process Models by Lukasz A. Kurgan and Petr

Musilek, and published in The Knowledge Engineering Review,
Volume 21, Issue 1, March 2006.

Later on, we will see how Tableau comes into play and makes this process easier and
faster for us.

KDD CRISP-DM SEMMA
Phase | Selection Business understanding Sample
Phase Il Pre-processing Data understanding Explore
Phase Il Transformation Data preparation Modify
Phase IV Data mining Modeling Model
Phase V Interpretation/ evaluation Evaluation Assess
Phase VI Consolidate knowledge Deployment -

Since CRISP-DM is used by four to five times the number of people as the closest
competing model (SEMMA), it is the model we will consider in this chapter.

For more information, see http://www.kdnuggets.com/2014/10/crisp-dm-top-
methodology-analytics-data-mining-data-science-projects.html.

The important takeaway is that each of these models grapples with the same
problems, particularly concerning the understanding, preparing, modeling, and
interpreting of data.

CRISP-DM

Cross Industry Standard Process for Data Mining (CRISP-DM) was created
between 1996 and 2000 as a result of a consortium including SPSS, Teradata,
Daimler AG, NCR Corporation, and OHRA. It divides the process of data mining
into six major phases, as shown in the CRISP-DM reference model in the preceding
comparison table.
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This model provides a bird's-eye view of a data-mining project life cycle. The
sequence of the phases are not rigid; jumping back and forth from phase to phase
is allowed and expected. Data mining does not cease upon the completion of a
particular project. Instead, it exists as long as the business exists, and should be
constantly revisited to answer new questions as they arise.

In the next section, we will consider each of the six phases that comprise CRISP-DM
and explore how Tableau can be used throughout the life cycle. We will particularly
focus on the data preparation phase, as that is the phase encompassing data cleaning,
the focus of this chapter. By considering the following steps, you will be able to
understand in more detail what a full data mining process circle looks like under
CRISP-DM. This framework can be used to make your workflow in Tableau more
efficient by working according to an established model.

CRISP-DM phases

In the following sections, we will briefly define each of the six CRISP-DM phases and
include high-level information on how Tableau might be used.

Phase I - business understanding:

* This phase determines the business objectives and corresponding data
mining goals. It also assesses risks, costs, and contingencies, and culminates
in a project plan.

* Tableau is a natural fit for presenting information to enhance business
understanding.

Phase II - data understanding:

* This phase begins with an initial data collection exercise. The data is then
explored to discover early insights and identify data quality issues.

¢ Once the data is collected into one or more relational data sources, Tableau
can be used to effectively explore the data and enhance data understanding.

Phase III - data preparation:

* This phase includes data selection, cleaning, construction, merging, and
formatting.

* Tableau can be effectively used to identify the preparation tasks that need
to occur; that is, Tableau can be used to quickly identify the data selection,
cleaning, merging, and so on, that should be addressed. Additionally,
Tableau can sometimes be used to do actual data preparation. We will walk
through examples in the next section.
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As Tableau has evolved, functionality has been introduced to do
more and more of the actual data preparation work as well as the
‘ , visualization. For example, Tableau Prep Builder is a standalone
\p/ product that ships with Tableau Desktop and is dedicated to data
prep tasks. We will cover Tableau Prep Builder in Chapter 3, Tableau
Prep Builder.

Phase IV - modeling:

In this phase, data modeling methods and techniques are considered and
implemented in one or more data sources. It is important to choose an
approach that works well with Tableau; for example, as discussed in
Chapter 6, All About Data - Data Densification, Cubes, and Big Data, Tableau
works better with relational data sources than with cubes.

Tableau has some limited data modeling capabilities, such as pivoting
datasets through the data source page.

Phase V - evaluation:

The evaluation phase considers the results; do they meet the business goals
with which we started the data mining process? Test the model on another
dataset, for example, from another day or on a production dataset, and

determine whether it works as well in the workplace as it did in your tests.

Tableau is an excellent fit for considering the results during this phase, as it
is easy to change the input dataset as long as the metadata layer remains the
same — for example, the column header stays the same.

Phase VI - deployment:

This phase should begin with a carefully considered plan to ensure a smooth
rollout. The plan should include ongoing monitoring and maintenance to
ensure continued streamlined access to quality data. Although the phase
officially ends with a final report and accompanying review, the data mining
process, as stated earlier, continues for the life of the business. Therefore, this
phase will always lead to the previous five phases.

Tableau should certainly be considered a part of the deployment phase. Not
only is it an excellent vehicle for delivering end-user reporting; it can also be
used to report on the data mining process itself. For instance, Tableau can be
used to report on the performance of the overall data delivery system and
thus be an asset for ongoing monitoring and maintenance.
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* Tableau Server is the best fit for Phase VI. We will discuss this separate
Tableau product in Chapter 14, Interacting with Tableau Server/Online.

Now that we have learned what a full data mining circle looks like (and looked like
pre-Tableau) and understood that every step can be executed in Tableau, we can see
how it makes sense that data people celebrate Tableau Software products.

to the song written for the 2019 Las Vegas Tableau Conference, at
https://youtu.be/UBrH7MXf-Q4.

C’ The phrase "data people" is especially memorable after listening
\"/

Tableau makes data mining so much easier and efficient, and the replication of steps
is also easier than it was before, without Tableau. In the next section, we will take

a look at a practical example to explore the content we've just learned with some
hands-on examples.

Focusing on data preparation

As discussed earlier, Tableau can be used effectively throughout the CRISP-DM
phases. Unfortunately, a single chapter is not sufficient to thoroughly explore how
Tableau can be used in each phase. Indeed, such a thorough exploration may be
worthy of an entire book! Our focus, therefore, will be directed to data preparation,
since that phase has historically accounted for up to 60% of the data mining effort.
Our goal will be to learn how Tableau can be used to streamline that effort.

Surveying data

Tableau can be a very effective tool for simply surveying data. Sometimes in the
survey process, you may discover ways to clean the data or populate incomplete
data based on existing fields. Sometimes, regretfully, there are simply not enough
pieces of the puzzle to put together an entire dataset. In such cases, Tableau can be
useful to communicate exactly what the gaps are, and this, in turn, may incentivize
the organization to more fully populate the underlying data.

In this exercise, we will explore how to use Tableau to quickly discover the
percentage of null values for each field in a dataset. Next, we'll explore how the data
might be extrapolated from existing fields to fill in the gaps.
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Establishing null values

The following are the steps for surveying the data:

1. If you haven't done so just yet, navigate to https://public.tableau.com/
profile/marleen.meier to locate and download the workbook associated
with this chapter.

2. Navigate to the worksheet entitled Surveying & Exploring Data.

3. Drag Region and Country to the Rows shelf. Observe that in some cases the
Region field has Null values for some countries:

iii Columns
= o

Surveying & Exploring Data

Region Country

Null Afghanistan Abc
Albania Abc
Algeria Abc
Angola Abc
Argentina Abc
Armenia Abc
Australia Abc
Austria Abc
Azerbaijan Abc

Figure 2.4: Null regions

4. Right-click and Edit the parameter entitled Select Field. Note that the Data
Type is set to Integer and we can observe a list that contains an entry for
each field name in the dataset:
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200 Edit Parameter [Select Field]
Name: Select Field I | Comment >>
Properties
Data type: | Integer
Currentvalue:  |Regon |
Display format: | Automatic

Allowable values: (O Al @ List (O Range

List of values

Value Display As __Add from Parameter »
Country | _ [
Region | AddfromField » |

Ecor!omy [_ Paste from Clipboard_J
Family

Freedom
Happiness Rank
Happiness Score [ Clear Al J
Health
Standard Error

O oONOOVEEWN-=

_concel | (D

Figure 2.5: Editing a parameter
In the Data pane, right-click on the parameter we just created and select
Show Parameter Control.

Create a calculated field entitled % Populated and write the following
calculation:

SUM([Number of Records]) / TOTAL(SUM([Number of Records]))
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7. In the Data pane, right-click on % Populated and select Default Properties |

Number Format...:
Data Analytics ¢ Pages iii Columns
Filters
= Surveying & Exploring Data
Tables Region Country
& Country Null Abc
Region Marks Abc
e Measure Names ) Aot = Alg Abc
MY o, Populated o ":
# Economy (GDP per Capita) Add to Sheet : r
Az Abc
Famil
amily Cut Abe
# Freedom Copy Abc
¢ Happiness Rank A Ab
. Edit... . g
Happiness Score Duplicate hrair Abc
# Health (Life Expectancy) Re:ame Bangladest Abc
Standard Error Hide r Abc
Latitude (generated) Delete 8 T Abc
Longitude (generated) B i Abc
# Migrated Data (Count) Create > Abc
Number of Records Convert to Discrete AbC
t  Measure Values Change Data Type > AbC
Geographic Role > E and H Rbc
Default Properties L@ Comment... Abc
Colour... Abc
Group b > ;
i Number Format... Abe
Total using > ia Abe
Replace References... Burund Abc
Parmmetacs Describe... nbodia Abc
= Select Field

Figure 2.6: Adjusting default properties

In the resulting dialog box, choose Percentage.

9. Create a calculated field entitled Null & Populated and add the following

code. Note that the complete case statement is fairly lengthy but is also
repetitive.

In cases requiring a lengthy but repetitive calculation,
‘ n/ consider using Excel to more quickly and accurately write
\/ the code. By using Excel's CONCATENATE function, you may
be able to save time and avoid typos.

In the following code block, the code lines represent only a percentage of the

total but should be sufficient to enable you to produce the whole:

CASE [Select Field]

WHEN 1 THEN IF ISNULL ([Country]) THEN ‘Null Values' ELSE
'Populated Values' END

WHEN 2 THEN IF ISNULL ([Region]) THEN 'Null Values' ELSE
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'Populated Values' END

WHEN 3 THEN IF ISNULL ([Economy (GDP per Capita)]) THEN 'Null
Values' ELSE

'Populated Values' END

WHEN 4 THEN IF ISNULL ([Family]) THEN 'Null Values' ELSE
'Populated Values' END

WHEN 5 THEN IF ISNULL ([Freedom]) THEN 'Null Values' ELSE
'Populated Values' END

WHEN 6 THEN IF ISNULL ([Happiness Rank]) THEN 'Null Values' ELSE
'Populated Values' END

WHEN 7 THEN IF ISNULL ([Happiness Score]) THEN 'Null Values'
ELSE

'Populated Values' END

WHEN 8 THEN IF ISNULL ([Health (Life Expectancy)]) THEN 'Null
Values' ELSE

'Populated Values' END

WHEN 9 THEN IF ISNULL ([Standard Error]) THEN 'Null Values' ELSE
'Populated Values' END

END

10. Remove Region and Country from the Rows shelf.

11. Place Null & Populated on the Rows and Color shelves and % Populate on
the Columns and Label shelves:

Pages iii Columns % Populated A
= Rows Null & Populated =

Filters

Surveying & Exploring Data

Null & Populated

Null values I - oc%

Maiks Populated Values I ©7.02%
20l Actomatic . 0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 0.00" 70.00
% Populated
b & m
Colour ~ Size | | Label
0Q
Detail  Tooltip
Rl Nuil & Popul.. =
(@) % Populated A

Figure 2.7: Populated values

12. Change the colors to red for Null Values and green for Populated Values
if desired. You can do so by clicking on Color in the Marks card and Edit
Colors.

13. Click on the arrow in the upper right corner of the Select Field parameter on
your sheet and select Single Value List.
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14. Select various choices in the Select Field parameter and note that some fields
have a high percentage of null values. For example, in the following diagram,
32.98% of records do not have a value for Region:

Null & Populated

Surveying & Exploring Data

Null & Populated
ol vaies | .05
Jateavaes [ 7075 | Select il

% Populated

Region Extrapolated

Figure 2.8: Comparing null and populated values

Building on this exercise, let's explore how we might clean and extrapolate data from
existing data using the same dataset.

Extrapolating data

This exercise will expand on the previous exercise by cleaning existing data and
populating some of the missing data from known information. We will assume that
we know which country belongs to which region. We'll use that knowledge to fix
errors in the Region field and also to fill in the gaps using Tableau:

1. Starting from where the previous exercise ended, create a calculated field
entitled Region Extrapolated with the following code block:

CASE [Country]

WHEN ‘'Afghanistan’ THEN ‘Southern Asia’

WHEN 'Albania' THEN 'Central and Eastern Europe’

WHEN 'Algeria’ THEN 'Middle East and Northern Africa’
WHEN 'Angola' THEN 'Sub-Saharan Africa’

WHEN 'Argentina’ THEN ‘'Latin America and Caribbean’
WHEN 'Armenia‘' THEN 'Central and Eastern Europe’

WHEN *Australia' THEN 'Australia and New Zealand'
WHEN 'Austria' THEN 'Western Europe'
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//complete the case statement with the remaining fields in the

data set
END

To speed up the tedious creation of a long calculated field, you could
download the data to an Excel file and create the calculated field by
concatenating the separate parts, as shown here:

SUM : X fx  =$B$2&" "&SCS2&A4&SCS2&" "&SDS2&" "&SCS2&BA&SCS2
A B C D

1

2 IWHEN It ITHEN 1

3

4 [Afghanistan |Southern Asia 1&3C52 |
| 5 Abania Central and Eastern Europe WHEN 'Albania’' THEN 'Central and Eastern Europe’
| 6 Ageria Middle East and Northern Al WHEN ‘Algeria’ THEN 'Middle East and Northern Africa’
| 7 Angola Sub-Saharan Africa WHEN 'Angola’ THEN 'Sub-Saharan Africa’
| 8 Amgentina Latin America and Caribbear WHEN 'Argentina’ THEN ‘Latin America and Caribbean’
| 9 Amenia Central and Eastern Europe WHEN 'Armenia’ THEN 'Central and Eastern Europe'
| 10 Australia Australia and New Zealand WHEN 'Australia’ THEN 'Australia and New Zealand'
11 Austria Western Europe WHEN 'Austria’ THEN 'Western Europe’
12 Azerbaijan Central and Eastern Europe WHEN 'Azerbaijan' THEN 'Central and Eastern Europe’
| 13 Bahrain Middle East and Northern Al WHEN 'Bahrain' THEN 'Middle East and Northern Africa’
| 14 Bangladesh Southern Asia WHEN 'Bangladesh’ THEN 'Southern Asia’
‘ 15 Belarus Central and Eastern Europe WHEN 'Belarus' THEN 'Central and Eastern Europe’
| 16 Belgium Waestern Europe WHEN 'Belgium' THEN 'Western Europe'
| 17 Belize Latin America and Caribbear WHEN 'Belize' THEN 'Latin America and Caribbean'
| 18 Benin Sub-Saharan Africa WHEN 'Benin' THEN 'Sub-Saharan Africa’
19 Bhutan Southern Asia WHEN ‘Bhutan’ THEN 'Southern Asia’
| 20 Bolivia Latin America and Caribbear WHEN 'Bolivia' THEN 'Latin America and Caribbean'
| 21 Bosniaand Herzegovina Central and Eastern Europe WHEN 'Bosnia and Herzegovina' THEN 'Central and Eastern Europe'
‘ 22 Botswana Sub-Saharan Africa WHEN 'Botswana' THEN 'Sub-Saharan Africa’
| 23 Brazil Latin America and Caribbear WHEN 'Brazil' THEN ‘Latin America and Caribbean'
| 24 Buigaria Central and Eastern Europe WHEN 'Bulgaria’' THEN 'Central and Eastern Europe'
| 25 Burkina Faso Sub-Saharan Africa WHEN 'Burkina Faso' THEN 'Sub-Saharan Africa’
[ 26 Burundi Sub-Saharan Africa WHEN 'Burundi' THEN 'Sub-Saharan Africa’

27 Cambodia Southeastern Asia WHEN ‘Cambodia’ THEN 'Southeastern Asia’
28 Cameroon Sub-Saharan Africa WHEN ‘Cameroon’ THEN 'Sub-Saharan Africa’

| 29 Canada North America WHEN ‘Canada’ THEN 'North America'

Figure 2.9: Compiling a calculation in Excel

You can then copy them from Excel into Tableau. However, for this

exercise, I have created a backup field called Backup, which can be found

in the Tableau Workbook associated with this chapter, which contains
full calculation needed for the Region Extrapolated field. Use this at y

the
our

convenience. The Solutions dashboard also contains all of the countries. You

can therefore copy the Region Extrapolated field from that file too.
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2. Add a Region Extrapolated option to the Select Field parameter:

Name: Select Field Comment >>
Properties
Data type: Integer T
Current value: Region Extrapolated B
Value when workbook opens:  Current value [T]
Display format: Automatic [T
Allowable values: Al © List Range

List of values

Value Display As © Fixed
Country
Region
Economy When workbook opens
Family
Freedom
Happiness Rank
Happiness Score
Health
Standard Error

0 Region Extrapola...

Add values from »

~
v

= OO0 NOWVHEWNH

Clear All

Cancel  (NCIEND

Figure 2.10: Adding Region Extrapolated to parameter

3. Add the following code to the Null & Populated calculated field:

WHEN 10 THEN IF ISNULL ([Region Extrapolated]) THEN 'Null
Values' ELSE
'Populated Values' END

4. Note that the Region Extrapolated field is now fully populated:
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Surveying & Exploring Data Null & Populated
M Populated Values
Null & Populated
Do e ot | 100.00% Select Freld
000% 1000%  20.00%  3C00%  4CCC 5000 6000%  7000%  8000%  90CCE.  10000%  11600% Country
Region
Economy
Family
Freedom
Happiness Rank
Happiness Score
Health
Standard Error
@ Region Extrapolated

% Populated

Figure 2.11: Fully populated Region Extrapolated field

Now let's consider some of the specifics from the previous exercises:

* Let's look at the following code block:

The following is a representative portion.

\/V Note that the complete case statement is several lines long.

CASE [% Populated]
WHEN 1 THEN IF ISNULL ([Country]) THEN 'Null Values' ELSE
'Populated Values' END

This case statement is a row-level calculation that considers each field in the
dataset and determines which rows are populated and which are not. For
example, in the representative line of the preceding code, every row of the
Country field is evaluated for nulls. The reason for this is that a calculated
field will add a new column to the existing data— only in Tableau, not in the
data source itself —and every row will get a value. These values can be N/ A
or null values.

* The following code is the equivalent of the quick table calculation Percent of
Total:

SUM([Number of Records]) / TOTAL(SUM([Number of Records]))
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In conjunction with the Null & Populated calculated field, it allows us to see
what percentage of our fields are actually populated with values.

It's a good idea to get into the habit of writing table
‘ p/ calculations from scratch, even if an equivalent quick table
\/ calculation is available. This will help you more clearly
understand the table calculations.

* The following CASE statement is an example of how you might use one or
more fields to extrapolate what another field should be:

CASE [Country]
WHEN 'Afghanistan’ THEN 'Southern Asia’
. END

For example, the Region field in the dataset had a large percentage of null
values, and even the existing data had errors. Based on our knowledge of the
business (that is, which country belongs to which region) we were able to
use the Country field to achieve 100% population of the dataset with accurate
information.

Nulls are a part of almost every extensive real dataset. Understanding how many
nulls are present in each field can be vital to ensuring that you provide accurate
business intelligence. It may be acceptable to tolerate some null values when the final
results will not be substantially impacted, but too many nulls may invalidate results.
However, as demonstrated here, in some cases one or more fields can be used to
extrapolate the values that should be entered into an underpopulated or erroneously
populated field.

As demonstrated in this section, Tableau gives you the ability to effectively
communicate to your data team which values are missing, which are erroneous, and
how possible workarounds can be invaluable to the overall data mining effort. Next,
we will look into data that is a bit messier and not in a nice column format. Don't
worry, Tableau has us covered.
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Cleaning messy data

The United States government provides helpful documentation for various
bureaucratic processes. For example, the Department of Health and Human
Services (HSS) provides lists of ICD-9 codes, otherwise known as International
Statistical Classification of Diseases and Related Health Problems codes.
Unfortunately, these codes are not always in easily accessible formats.

As an example, let's consider an actual HHS document known as R7560TN, which
can be found at https://www.cms.gov/Regulations-and-Guidance/Guidance/
Transmittals/downloads/R7560TN. pdf.

Cleaning the data

Navigate to the Cleaning the Data worksheet in this workbook and execute the
following steps:

1. Within the Data pane, select the R7560TN Raw data source:

O

Data Analytics

£3 Happiness Report
f€s R7560TN Raw
&3 String of Data (String of ...

Search O E -

Tables

Figure 2.12: Selecting the raw file

[71]




All About Data - Getting Your Data Ready

2. Drag Diagnosis to the Rows shelf and choose Add all members. Note the
junk data that occurs in some rows:

ili Columns
= Rows Diagnosis =
Cleaning the Data

Diagnosis 2
(DT) Abc
(MMR) Abc
(other) Abc
(powered) in surface to ai.. Abc
(powered) in surface to su.. Abc
(RSV) Abc
[IED] Abc
#NAME? Abc
1370 Late effects of respi.. Abc
1371 Late effects of centr.. Abc
1372 Late effects of genit.. Abc
1373 Late effects of tuber.. Abc

Figure 2.13: Adding Diagnosis to Rows

3. Create a calculated field named DX with the following code:
SPLIT( [Diagnosis], "", 1)

4. Create a calculated field named Null Hunting with the following code:
INT(MID([DX],2,1))

5. Inthe Data pane, drag Null Hunting from Measures to Dimensions.
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6. Drag Diagnosis, DX, and Null Hunting to the Rows shelf. Observe that Null
is returned when the second character in the Diagnosis field is not numeric:

iii Columns

= rows CEEES CEEED CTETED

Cleaning the Data

anva s rr s .

Diagnosis H DX Null Hunting

(DT) (DT) Null Abc
(MMR) (MMR) Null Abc
(other) (other) Null Abc
(powered) in surface to ai.. (powered)  Null Abc
(powered) in surface tosu.. (powered)  Null Abc
(RSV) (RSV) Null Abc
[IED] [IED] Null Abc
#NAME? #NAME? Null Abc
1370 Late effects of respi.. 1370 3 Abc
1371 Late effects of centr.. 1371 3 Abc
1372 Late effects of genit.. 1372 3 Abc
1373 Late effects of tuber.. 1373 3 Abc

Figure 2.14: Ordering fields on Rows

7. Create a calculated field named Exclude from ICD codes containing the

following code:

ISNULL([Null Hunting])

8. Clear the sheet of all fields, as demonstrated in Chapter 1, Getting Up to Speed

- a Review of the Basics, and set the Marks card to Shape.
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9. Place Exclude from ICD Codes on the Rows, Color, and Shape shelves, and
then place DX on the Rows shelf. Observe the rows labeled as True:

Pages ili Columns
= Rows Exclude from ICD Cod..
Filters .
Cleaning the Data
Exclude fro.. DX
False V9129 o]
Marks V9190 (@]
00 V9191 (@)
a0 Shape v V9192 o
H- IS} V9199 o)
Colour  Size  Label True (DT) O
(MMR) O
° oo

°0° & a0 (other) O
Detail Tooltip  Shape -
(powered) O
Ml Exclude from I.. (RSV) O
pe Exclude from I.. [IED] O
#NAME? O
oo -

Figure 2.15: Excluding junk data

10. In order to exclude the junk data (that is, those rows where Exclude from ICD
Codes equates to TRUE), place Exclude from ICD Codes on the Filter shelf and
deselect True.

11. Create a calculated field named Diagnosis Text containing the following
code:

REPLACE([Diagnosis], [DX] + "","")

12. Place Diagnosis Text on the Rows shelf after DX. Also, remove Exclude
from ICD Codes from the Rows shelf and the Marks Card, and set the mark
type to Automatic:
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Pages

Filters

Exclude from ICD Co..

Marks
Automatic -
H- &
Colour Size Text
ogo Q
Detail Tooltip

ii Columns

Rows

Cleaning the Data

DX
138
326
412
650
677
1370
1371
1372
1373
1374
1390
1391
1398

Diagnosis Text

Late effects of acute poliomyelitis

Late effects of intracranial abscess or pyogenic infec..
0Old myocardial infarction

Normal delivery

Late effect of complication of pregnancy, childbirth, ..
Late effects of respiratory or unspecified tuberculosis
Late effects of central nervous system tuberculosis
Late effects of genitourinary tuberculosis

Late effects of tuberculosis of bones and joints

Late effects of tuberculosis of other specified organs
Late effects of viral encephalitis

Late effects of trachoma

Late effects of other and unspecified infectious and p..

Abc
Abc
Abc
Abc
Abc
Abc
Abc
Abc
Abc
Abc
Abc
Abc
Abc

Figure 2.16: Observing the cleaned data

Now that we've completed the exercise, let's take a moment to consider the code we
have used:

The SPLIT function was introduced in Tableau 9.0:
SPLIT([Diagnosis], "", 1)

As described in Tableau's help documentation about the function, the

function does the following:

Returns a substring from a string, as determined by the delimiter extracting
the characters from the beginning or end of the string.

This function can also be called directly in the Data Source tab when clicking
on a column header and selecting Split. To extract characters from the end of
the string, the token number (that is, the number at the end of the function)

must be negative.
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* Consider the following code, which we used to create the Null Hunting field:
INT(MID([DX],2,1))

The use of MID is quite straightforward, and is much the same as the
corresponding function in Excel. The use of INT in this case, however, may
be confusing. Casting an alpha character with an INT function will result
in Tableau returning Null. This satisfactorily fulfills our purpose, since we
simply need to discover those rows not starting with an integer by locating
the nulls.

* ISNULL is a Boolean function that simply returns TRUE in the case of Null:
ISNULL([Null Hunting])

* The REPLACE function was used while creating the Diagnosis Text field:
REPLACE([Diagnosis],[DX] + "","")

This calculated field uses the ICD-9 codes isolated in DX to remove those same
codes from the Diagnosis field and thus provides a fairly clean description.
Note the phrase fairly clean. The rows that were removed were initially
associated with longer descriptions that thus included a carriage return. The
resulting additional rows are what we removed in this exercise. Therefore,
the longer descriptions are truncated in this solution using the replace
calculation.

The final output for this exercise could be to export the data from Tableau as an
additional source of data. This data could then be used by Tableau and other tools
for future reporting needs. For example, the DX field could be useful in data blending.

Does Tableau offer a better approach that might solve the issue of truncated data
associated with the preceding solution? Yes! Let's turn our attention to the next
exercise, where we will consider regular expression functions.
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Extracting data

Although, as shown in the previous exercise, Cleaning the data, the SPLIT function can
be useful for cleaning data, regular expression functions are far more powerful and
represent a broadening of the scope from Tableau's traditional focus on visualization
and analytics to also include data cleaning capabilities. Let's look at an example that
requires us to deal with some pretty messy data in Tableau. Our objective will be to
extract phone numbers.

The following are the steps:

1. If you have not already done so, please download the Chapter 2 workbook
from https://public.tableau.com/profile/marleen.meier and open itin
Tableau.

2. Select the Extracting the Data tab.

In the Data pane, select the String of Data data source and drag the String
of Data field to the Rows shelf. Observe the challenges associated with
extracting the phone numbers:

= ows
Extracting the Data
String of Data (String of Data)
Alexis Sweet 246-6985 Nullam Ave (832)-706-8508 nunc@egetipsu.. Abc
Anastasia Lowe 1643 Pretium Rd. (655)-655-8703 nunc.commodo.a.. Abc
Ariana Townsend 6814 Neque Av. (291)-873-2613 eu.arcu@dispart.. Abc
Arsenio Horn (Ap #492) 5765 Faucibus Road (493)-822-1732 amet.. Abc
Athena Franks P.O. Box 595, 6191 Lectus, Avenue (330)-875-5639 a.. Abc
Aubrey Castillo 4207 Lorem Street (317)-843-9415 maecenas@ege.. Abc
Autumn Nieves 324-8593 Orci. St. (114)-928-1965 nam.nulla@quis.. Abc
Avye Mcneil (Ap #701) 365 Quis Av. (880)-142-0812 pede@lorem.e.. Abc
Barclay Singleton (Ap #619) 7401 Nec, Street (726)-203-3559 vel.ni.. Abc
Barrett Mcclure P.O. Box 849, 9586 At Street (460)-504-2219 risus... Abc
Berk Cash (Ap #461) 817 Sapien. Rd. (148)-568-3717 nunc@eratse.. Abc

Figure 2.17: Extracting data from a messy data format
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4. Access the underlying data by clicking the View data button and copy
several rows:

Data Analytics Pages jii Columns

9 Happiness Report
9 R7560TN Raw
B string of Data Filters

iZ Rows

Extracting the Data

St

Tables e e View Data: String of Data
abc  String of Data (String of|D... | 100 rows = [ Show aliases
Abc - Measure Names
String of Data (String of Data)
String of Data (Count)

Alexis Sweet 246-6985 Nullam Ave (832)-706-8508 nunc@egetipsumdonec.ca

Anastasia Lowe 1643 Pretium Rd. (655)-655-8703 nunc.commodo.auctor@eratsednunc.net
Ariana Townsend 6814 Neque Av. (291)-873-2613 eu.arcu@disparturient.co.uk

Arsenio Horn (Ap #492) 5765 Faucibus Road (493)-822-1732 amet@quam.net

Athena Franks P.O. Box 595, 6191 Lectus, Avenue (330)-875-5639 adiplsclng@arcuacorci net
Aubrey Castillo 4207 Lorem Street (317)-843-9415 maec i.com

Autumn Nieves 324-8593 Orci. St. (114)-928-1965 nam. nulla@qunsquepurus net

Avye Mcneil (Ap #701) 365 Quis Av. (880)-142-0812 pede@lorem.edu

Barclay Singleton (Ap #619) 7401 Nec, Street (726)-203-3559 vel.nisl.quisq ibhenim.net
Barrett Mcclure P.O. Box 849, 9586 At Street (460)-504-2219 risus.vari h co

Measure Values

Berk Cash (Ap #461) 817 Sapien. Rd. (148)-568-3717 nunc@eratsemper.org

Figure 2.18: Accessing underlying data

5. Navigate to http://regexpal.com/ and paste the data into the pane labeled
Test String; that is, the second pane:

¢« - C [G) www.regexpal.com

Dan's Tools

regexpal.com

Regex Pal

Original Regexpal

Regular Expression

Phone Number String of Data Number of Records
Alexis Sweet 246-6985 Nullam Ave (832)-706-8508 nunc@egetipsumdonec.ca 1
Anastasia Lowe 1643 Pretium Rd. (655)-655-8703 nunc.commodo.auctor@eratsednunc.net 1
Ariana Townsend 6814 Neque Av. (291)-873-2613 eu.arcu@disparturient.co.uk 1
Arsenio Horn (Ap #492) 5765 Faucibus Road (493)-822-1732 amet@quam.net 1

Figure 2.19: Regexpal

6. In the first pane (the one labeled Regular Expression), type the following:
\([0-9]{3}\)-[0-9]{3}-[0-9]{4}
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7. Return to Tableau and create a calculated field called Phone Number with the
following code block. Note the regular expression nested in the calculated field:

REGEXP_EXTRACT([String of Data (String of Data)],'(\([0-9]1{3}\)-
[0-9]{3}-[6-9]1{4})")

8. Place Phone Number on the Rows shelf, and observe the result:

P - - 85 o g - . &  Standard 8- T of
Pages jii Columns
= Rows String of Data (String.. ] Phone Number
Filters .
Extracting the Data
String of Data (String of Data) Phone Number
Alexis Sweet 246-6985 Nullam Ave (832)-706-8508 nunc@egetipsu.. (832)-706-8508
Marks Anastasia Lowe 1643 Pretium Rd. (655)-655-8703 nunc.commodo.a.. (655)-655-8703
[ A ) Ariana Townsend 6814 Neque Av. (291)-873-2613 eu.arcu@dispart.. (291)-873-2613
utomatic v Arsenio Horn (Ap #492) 5765 Faucibus Road (493)-822-1732 amet.. (493)-822-1732
S IS) Athena Franks P.0. Box 595, 6191 Lectus, Avenue (330)-875-5639 a.. (330)-875-5639
Colour  Size Text Aubrey Castillo 4207 Lorem Street (317)-843-9415 maecenas@ege.. (317)-843-9415
. o Autumn Nieves 324-8593 Orci. St. (114)-928-1965 nam.nulla@quis.. (114)-928-1965
D‘:‘; | oot Avye Mcneil (Ap #701) 365 Quis Av. (880)-142-0812 pede@lorem.e.. (880)-142-0812
1l I
Barclay Singleton (Ap #619) 7401 Nec, Street (726)-203-3559 vel.ni.. (726)-203-3559
Barrett Mcclure P.O. Box 849, 9586 At Street (460)-504-2219 risus... (460)-504-2219
Berk Cash (Ap #461) 817 Sapien. Rd. (148)-568-3717 nunc@eratse.. (148)-568-3717
Boris Colon 2388 Pede. Avenue (692)-897-2476 sed@elitpede.net  (692)-897-2476

Figure 2.20: Extracting data final view
Now let's consider some of the specifics from the preceding exercise in more detail:
* Consider the following code block:

REGEXP_EXTRACT([String of Data],'()')

The expression pattern is purposely excluded here as it will be covered in
detail later. The '()' code acts as a placeholder for the expression pattern. The

REGEXP_EXTRACT function used in this example is described in Tableau's help
documentation as follows:

Returns a substring of the given string that matches the capturing group
within the regular expression pattern.
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Note that as of the time of writing, the Tableau documentation does not
communicate how to ensure that the pattern input section of the function
is properly delimited. For this example, be sure to include '()' around the
pattern input section to avoid a null output.

Nesting within a calculated field that is itself nested within a VizQL query
can affect performance (if there are too many levels of nesting/aggregation).

There are numerous regular expression websites that allow you to enter your
own code and help you out, so to speak, by providing immediate feedback
based on sample data that you provide. http://regexpal. com/ is only one of
those sites, so search as desired to find one that meets your needs!

Now, consider the expression:
\([0-9]{3}\)-[0-9]{3}-[0-9]{4}

In this context, the \ indicates that the next character should not be treated

as special but as literal. For our example, we are literally looking for an open
parenthesis. [0-9] simply declares that we are looking for one or more digits.
Alternatively, consider \d to achieve the same results. The {3} designates that
we are looking for three consecutive digits.

As with the opening parenthesis at the beginning of the pattern, the \
character designates the closing parentheses as a literal. The - is a literal that
specifically looks for a hyphen. The rest of the expression pattern should be
decipherable based on the preceding information.

After reviewing this exercise, you may be curious about how to return just the
email address. According to http://www.regular-expressions.info/email.html,
the regular expression for email addresses adhering to the RFC 5322 standard is as
follows:

(?:[a-z0-9!1#$%&" *+/=2" " {|}~-1+(?:\.[a-2z0-9! #$%&" *+ /=2~ "~ {|}~-
1+)*] " (?: [\x01-\x08\x0b\x0c\x0e-\x1f\x21\x23-\x5b\x5d-
\x7F] [ \\[\x01-\x09\x0b\x0c\xQe-\x7f])*")@(?: (?:[a-2z0-9](?:[a-20-9-
1*[a-z0-9])?\.)+[a-2z0-9](?:[a-20-9-]*[a-
20-91)?|\[(?:(?:25[0-5]|2[0-4][0-9]|[01]?[0-9][@-9]?)\.){3}(?:25[0-
5]|2[@0-4][0-9]|[01]?[0-9][@-9]?|[a-20-9-]*[a-20-9]:(?:[\x01-
\x08\x0b\x0c \x0e-\x1f\x21-\x5a\x53-\x7F] | \\[\x01-\x09\x0b\x0c\x0e-
\x7£])+)\1)

work may be required to truly clean email address data.

\/V Emails do not always adhere to RFC 5322 standards, so additional
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Although I won't attempt a detailed explanation of this code, you can read all about
it at http://www.regular-expressions.info/email.html, which is a great resource
for learning more about regular expressions. Also, YouTube has several helpful
regular expression tutorials.

The final output for this exercise should probably be used to enhance existing source
data. Data dumps such as this example do not belong in data warehouses; however,
even important and necessary data can be hidden in such dumps, and Tableau can
be effectively used to extract it.

Summary

We began this chapter with a discussion of the Tableau data-handling engine. This
illustrated the flexibility Tableau provides in working with data. The data-handling
engine is important to understand in order to ensure that your data mining efforts
are intelligently focused. Otherwise, your effort may be wasted on activities not
relevant to Tableau.

Next, we discussed data mining and knowledge discovery process models, with an
emphasis on CRISP-DM. The purpose of this discussion was to get an appropriate
bird's-eye view of the scope of the entire data mining effort. Tableau authors

(and certainly end users) can become so focused on the reporting produced in the
deployment phase that they end up forgetting or short-changing the other phases,
particularly data preparation.

Our last focus in this chapter was on the phase that can be the most time-consuming
and labor-intensive, namely data preparation. We considered using Tableau for
surveying and also cleaning data. The data cleaning capabilities represented by

the regular expression functions are particularly intriguing, and are worth further
investigation.

Having completed our first data-centric discussion, we'll continue with Chapter 3,
Tableau Prep Builder, looking at one of the newer features Tableau has brought to the
market. Tableau Prep Builder is a dedicated data pre-processing interface that is able
to reduce the amount of time you need for pre-processing even more. We'll take a
look at cleaning, merging, filtering, joins, and the other functionality Tableau Prep
Builder has to offer.
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Tableau Prep Builder was introduced with version 2018.1 of Tableau Desktop, but
what can we use Tableau Prep Builder (henceforth referred to in this chapter as Prep)
for? The core purpose of the tool is data preparation. The good news is, Prep is fully
compatible with Tableau Desktop, and also with Tableau Server. That means you can
execute jobs in Prep to clean your data with the click of a button. Additionally, Prep
is as visual as its big brother, Tableau Desktop, meaning that you can see every step
of data preparation in a fully visual format.

Therefore, let's dive into the Graphical User Interface (GUI) and be amazed by
another high-end product, which will allow you to get initial data insights, enabling
you to decide faster if your dataset is worth analysis. Prep will pave the way for an
even smoother Tableau Desktop experience.

In this chapter, the following topics will be discussed:

* Connecting to data

* The Tableau Prep Builder GUI

* Prepping data

* Additional options with Tableau Prep Builder
* Exporting data
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Y

In order to get started, we need to
in the following section.

load data. How to do so in Prep will be described

Connecting to data

If you are familiar with Tableau Desktop, Tableau Prep Builder will be an easy

game for you. The handling and interfaces are very similar, and connecting to data,
if the connector is available in Prep, works all the same whether it's a text file, a
database, or an extract. At first sight, you might not even notice a difference between
the Tableau Prep Builder the Tableau Desktop GUIs, which provides the handy
advantage that you can start prepping right away.

To get started, begin by opening Tableau Prep Builder:

Open a Flow

Recent Flows

Tt
w
s
g
g
S

Sample Flows

Superstore

No flows have been created

World Indicators

Figure 3.1: Tableau Prep Builder

[84]



Chapter 3

From here, click on the + in order to open a file. After doing so, the following screen
will appear:

B8 Tableau Prep - Flowl
File Edit Flow Server Help

Connect
|

Connections

Microsoft Access
PDF file

Microsoft Excel
Statistical file
Tableau extract
Text file

Amazon Aurora
Amazon EMR Hadoop Hive
Amazon Redshift

Apache Drill

Aster Database

Figure 3.2: Connecting to data

From the preceding screenshot, we can see that you can choose the type of data you
want to connect to in the search bar. Just as in Tableau, the repertoire of Tableau Prep
Builder includes multiple databases.

Now let's connect to a dataset with a practical exercise. For this exercise, we need
the following dataset: https://www.kaggle.com/airbnb/boston. Please download
calendar.csy, listings.csv, and reviews.csv. Alternatively, download them from
the workbook associated with this chapter on Tableau Public: https://public.
tableau.com/profile/marleen.meier.
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First, we are going to start with the calendar.csv file. Add it to the empty Prep
canvas by making a connection with a text file, followed by the selection of your .csv
file. You will now see the following screen:

< G &
Connections @
@ calendar.csv R
calendar
) Search
Tables input
Settings Multiple Files Data Sample Changes (0) calendar Fields selected 4.of 4 Y Filter Values...
Select the fields to include in your flow, apply a filter or chd
Connection the flow pane.
Text file
colendarcey Edit Type Field Name Original Field|
Original Table Name: calendar & listing_id listing_id
& date date
Text Options
v available available
(®) First line contains header . '
() Generate field names automatically # price price

Figure 3.3: Input data

Congratulations —you've just made your first Tableau Prep Builder connection. Here,
you can manipulate and visualize your connected dataset as required!

In the following section, I will describe the GUI in more detail.

The Tableau Prep Builder GUI

User experience is an important topic, not only when you build a dashboard but also
when you use other aspects of Tableau. One of the biggest selling points of Tableau
is and has always been the ease of using the GUI, and is only one of the reasons
Tableau is a much-loved tool by its customers.

The Tableau Prep Builder GUI has two important canvases to look at. Right after you
have connected data to Tableau Prep Builder, the workspace will split into several
parts:
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€« Gi C
Connections ¥ B
@ calendar.csv \:’ .
calendar
Tables
Input C D
Settings Multiple Files Data Sample Changes (0) calendar Fields selected: 40f4 Y/ Filter Values...
R Select the fields to include in your flow, apply a filter or ch
Connection the flow pane.
Text file
calendaricsy Edit Type Field Name Original Field
Original Table Name: calendar 4+ listing_id listing_id
] =] date date
Text Options
v available available
@ First line contains header T
O Generate field names automatically # price price

Figure 3.4: Prep workspace sections

Let's look at what we can see from the preceding screenshot:

* A: The connection pane, showing you the input files available at the location
selected.

* B: The flow pane, which shows your current Prep flow. This always starts
with an input step.

* C: The input pane settings, which give you several options to configure your
input.

* D: The input pane samples, showing the fields you moved to the connection
pane, including sample values.

In the input pane (the section marked with C), you can use the
wildcard union (multiple files) function to add multiple files from
, the same directory. Also, you can limit the sample set that Tableau
\/;n, Prep Builder will print in order to increase performance. In the
input pane samples (the section marked with D) you can select and
deselect the fields you want to import and change their data types.
The data type options are, for example, strings, dates, or numbers.
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The second GUI is the profile pane. Once you've selected the input data needed,
click on the + in the flow pane and select Add: Clean Step. Now the profile pane will
appear:

®
calendar Clean1
Clean1 4Fields 1M Rows Y Filter Values... [5 create Calculated Field...
>
S B TIF #
S listing_id 3k date 365 available 2 price 1K
H
o
s
&
—
0 — 01/09/2016 —  False nult =
— — |
— [
01/01/2017  p—— 2,000 |
5,000,000 pm—"" o [ !
i 5,000 I
[=———— ,
—— 01/05/2017  p—
e
10,000,000  —"" —————— | 8,000 |
I——
— 01/09/2017
——
15,000,000 E—
listing_id  date available price
4,583,526 16/02/2017 True 195
4,583,526 15/02/2017 True 195

Figure 3.5: Cleaning data
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In the preceding screenshot, the profile pane shows every column from the data
source in two sections. The upper sections show aggregates. For example, column
2, date, shows the number of rows per date in a small histogram. The columns can
all be sorted by clicking on the sort icon (a mini bar-chart that appears when your
mouse is hovering over a column) next to the column name and by selecting one
item. Let's take, for example, True, in available (column 3). All related features will
be highlighted:

Clean1 4Fields 1M Rows < KeepOnly X Exclude A2 Editvalue (& Replace with Null
>
# =] TlF #
©  listing_id 3« date 365 available 2 «« price 1K
2
o
c
2
© 0 01/09/2016 False null
ITrue ]
01/01/2017 2,000
5,000,000 /01
True .000
01/05/2017 514,689 (49%)rows  ogp
10,000,000 514,689 (100%) highlighted
01/09/2017
15,000,000
listing_id  date available price
4,583,526 16/02/2017 True 195
4,583,526 15/02/2017 True 195
4,583,526 14/02/2017 True 195
4,583,526 13/02/2017 True 195

Figure 3.6: Visual filtering

[89]



Tableau Prep Builder

This gives you the chance to get some insights into the data before we even start to
clean it up. In the following screenshot, each row is shown as it is in the data source
in the lower part of the profile pane:

Abc [a] ® TIF 4
listing_id 3k date 365 available 2 price 1K
10004575 01/09/2016 —  False null
— I
10009367 e True
0936 01/01/2017  p— m 2,000 !
10033322 [ — :
i
10033710 —— 5,000
01/05/2017  p——
10033715 —————— 8,000 |
——————
10034113 [
01/09/2017
10034614 1/09/ -
10034930
10035581
10036037
10036192
10037387
listing... date available price
4583526 16/02/2017 True 195
4583526 15/02/2017 True 195
4583526 14/02/2017 True 195
4583526 13/02/2017 True 195
4583526 12/02/2017 True 195
4583526 11/02/2017 True 195
4583526 10/02/2017 True 195

Figure 3.7: Data overview

So far we have seen that, after loading data in Prep, visual filters can be applied by
clicking on a field or bar in one of the columns. The lower pane will always show the
data source of the selection made at the row level. Next, we will continue by adding
more data sources.
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Getting to know Tableau Prep Builder

Let's start with a practical example.
Next to the calendar. csv file, connect to the following files:

e listings.csv

® reviews.csv

Now, drag them onto the flow pane:

Connections
-
B, _

D calendar.csv

calendar Clean1

D listings.csv

@ reviews.csv
‘ o~ .
®

listings

reviews

Figure 3.8: Multiple tables input

&

Can you answer the following questions?

* How many listings use the word "beach" in their description?
*  What is the percentage of condominiums that are marked with "exact
location"?

*  On which day were the most reviews entered?

Without a tool like Tableau Prep Builder, it is much more difficult to find the solution
to these types of questions. Prep makes our data analytics journey much faster and
easier and that is exactly the reason why I encourage you to spend the additional
time and learn Prep as well as Tableau Desktop!
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, Solutions can be found in the workbook associated with this
( Ay chapter at the following link: https://public.tableau.com/
profile/marleen.meier.

Here you see, as an example, I used the sort function on date in order to answer the
third question: On which day were the most reviews entered?

b

calendar Clean1
2,
é@ E——
listings Clean2
@ o
reviews Clean3
IClean3 6 Fields 68K Rows / KeepOnly X Exclude AZ EditValue O 1Recommendation ¥ % ===
Changes (0) <
w # &
listing_id 3« id 68K date 2« =l Il
0 0
21/07,
20,000,000 1/07,2016
5,000,000 05/06/2016
20/06/2016
40,000,000
[ anet transis Tnena stotyue 24/04/2016
10,000,000
21/09/2015
60,000,000
15/05/2016
15,000,000 24/07/2016
80,000,000
21/08/2016
100,000,000 07/08/2016

Figure 3.9: Sorting by date
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As you can see, sorting this field ordered the dates by number of entries, thus
making it very simple to answer the question, on which day were the most reviews
entered? After the first few clicks, it already starts to feel natural, doesn't it?

All the changes you made to the dataset can be traced back on the

\/V left side of the profile pane. But don't forget to add a proper name

to each step: this will make it much easier for others, and yourself,
to understand your process.

So, let's continue on to the cleaning features of Tableau Prep Builder.

Prepping data

Tableau Prep Builder comes with lots of different features. Sometimes you might
use many different tools to prepare your dataset in order to get it in a shape you
desire. Other times you might just run an aggregation (one feature) and be done. It
really depends on the dataset itself and the expected output. The fact is, the closer
your Prep output data is to what you need for your Tableau Desktop visualization,
the more efficiently VizQL will run on Tableau Desktop. Fewer queries in Tableau
Desktop means faster generation of dashboards.

To me, the best part about Tableau Prep Builder is that it can handle a huge
amount of data. Sometimes I even use it for datasets I don't want to visualize in
Tableau Desktop, just to get a quick overview of, for example, how many rows
contain a specific word, how many columns are needed, what happens to the date
range if I filter a particular value, and so on! Within a few minutes I have insights
that would have taken me much more time to get with database queries or Excel
functions. I hope that by the end of this chapter you will be able to cut your time
spent data prepping in half (at least). We will divide the prepping features into five
subcategories: cleaning, unions and joins, aggregating, pivoting, and scripting. Let's
start with cleaning data!
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Cleaning data

We have seen the following canvas before in the The Tableau Prep Builder GUI section.
To create the cleaning step, the user can simply click on + next to the input and select

Add: Clean Step. During the cleaning step, multiple operations can be performed,
such as filtering or creating a calculated field. Also note the recommendations

Tableau Prep Builder gives you:

calendar

(&)

Clean2

listings

reviews Clean3

e —:

Clean2 95Fields 4KRows | Y Filter Values...

[Z Create Calculated Field

Changes (2) <

‘A, Change Type
id
To String type
“A, Change Type

[scrape 1d]
To String type

10004575
10009367
10021398
10032327
10033322
10033710
10033715
10034113
10034183
10034592
10034614
10034930

listing_url 4

https://www.airli
https://www.airt]
https://www.airl
https://www.airt]
https://www.airli
https://www.airt]
https://www.airli
https://www.airt]
https://www.airl]
https://www.airlj
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[listing_url] Change Data Role to URL
[space] Remove Field
[neighborhood_overview] Remove Field
[notes] Remove Field
[transit] Remove Field
[access] Remove Field
[interaction] Remove Field
[house_rules] Remove Field
[thumbnail_url] Change Data Role to URL
[

[

[

[
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[

[

[

thumbnail_url] Remove Field

medium_url] Change Data Role to URL
medium_url] Remove Field
picture_url] Change Data Role to URL

x|_picture_url] Change Data Role to URL

x|_picture_url] Remove Field
host_url] Change Data Role to URL

host_about] Remove Field
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https://www.airbnp.co...
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/2016

Figure 3.10: Recommendations

Tableau Prep Builder analyzes the column content and proposes changes that might
fit the data. The column listing_url for example is being recognized as a webpage
and therefore Prep recommends you change it to the data role URL. The second,
third, and several more recommendations after 1listing_url are to remove certain
columns. This is probably the case because the column does not contain any data or

contains only a small amount of data. The list goes on.
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This feature can be very useful, especially for unfamiliar datasets. My way of
working would be, look at the recommendations, check if they make sense, and
execute the change — or not. Don't blindly trust these recommendations, but they can
point out data flaws you might have missed otherwise.

Data is often messy, involving null values, typos from manual entries, different
formatting, changes in another system, and so on. As a consequence, you will have to
sort out the mess before you can get reliable results from an analysis or a dashboard.
This section will show you how to clean data on a column level.

Once a value is selected within your clean step, you have the option to Keep Only,
Exclude, Edit Value, or Replace with Null:

Clean2 95Fields 4KRows </ KeepOnly X Exclude AZ Edit Value ) Replace with Null
Changes (2) <
Abc A; Abc o
A, F:]ange Type id 4K listing_url 4k
1
To String type
“A, Change Type
[scrape_id] 10004575 [https://www.airbnb.co... |
To String type
10009367 https://www.airbnb.co...
10021398 https://www.airbnb.co...
10032327 https://www.airbnb.co...
10033322 https://www.airbnb.co...

Figure 3.11: Quick access

None of these changes will change the data source itself. Prep is like an in-between
step, or a filter between the original data source and your Tableau Desktop.
Excluding a value, as highlighted in Figure 3.11, will only remove it from Tableau
Prep Builder. However, if used later on as input for Tableau Desktop, there won't be

an option to add that specific value back in. This option will remain in Tableau Prep
Builder only.
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Another slightly hidden option is to click on the ellipses (...) next to the column
headers (as shown in Figure 3.12) and select Clean:

Filter

Clean

Group Values
Split Values

v v v v

v Detail

Rename Field

Duplicate Field

Keep Only Field

Create Calculated Field »
Publish as Data Role...

b \ Remove

listing_url 4+ = v B e scrape_id

Figure 3.12: More options

This Clean functionality operates based on the data type of the column. In the
preceding screenshot, the data type is a string (indicated by the Abc icon). For other
data types, the option will be grayed out since Clean is only available for strings. The
option allows you to make use of eight more cleaning features:

Abc 0 # =]
listing_url 982 = ~ O ... | scrape_id 1 last_scrape
Filter >
Clean » | Make Uppercase
https://www.airbnb.co... Group Values » | Make Lowercase
https://www.airbnb.co... Split Values » | Remove Letters
https://www.airbnb.co... Remove Numbers
https://www.airbnb.co... 1to Remove Punctuation
https://www.airbnb.co... V Detail
https://www.airbnb.co... mary Trim Spaces
https://www.airbnb.co... Remove Extra Spaces
https://www.airbnb.co... Rename Field Remove All Spaces
https://www.airbnb.co... Duplicate Field
https://www.airbnb.co... Keep Only Field
https://www.airbnb.co... Create Calculated Field »
https://www.airbnb.co... Publish as Data Role...

Figure 3.13: Selecting Clean
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The data type can be changed just above each column header; you will find a symbol
above the column name, which can be changed by clicking on it, just like in Tableau

Desktop:

At A, Abc Abc

id ¢ scrape_id 1
# Number (decimal)
# Number (whole)

10004575 £% Date & Time 2016090620491

10009367 B3 Date

10021398 v Abe, String

10032327

10033322

10033710 v None

10033715 URL

10034113 Email

10034183 Geographic

10034592

10034614

10034930

Figure 3.14: Changing Data Type

This comes in handy in case Prep misinterprets the data type of a column. A wrongly
assigned data type can have effects on the calculation you perform on them and how
Tableau Desktop would visualize the column.

In the upcoming section, we will practice combining multiple datasets. You might
want to combine for example order data with shipment data (using join) or append
2020 sales data to your 2019 sales dataset (using union). To find out how, read on!

Unions and joins

We will now join the three datasets, so that we may analyze and visualize them
together. The nature of the three datasets (1istings.csv, reviews.csv, and calendar.
csv) require a join but not a union. However, I will still walk you through the steps
of a union in order for you to know when you need it!
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Adding unions

A union in Tableau is the appending of data to an existing dataset. Imagine you have
two Excel files. Both have the exact same header, but one contains data from 2019,
the other data from 2020. If you union the 2020 data to the 2019 data, you append the
rows of the 2020 files to add them underneath the rows of the 2019 files. To perform a
union, both datasets need to have almost the same layout/header. Why almost? You
will see in the following exercise:

1. To begin this exercise, your Prep flow pane should look like this:

®o

calendar

@

listings

@

reviews

Figure 3.15: Flow pane

2. Add aclean step by clicking the + next to the listings dataset.

, You can change the color of each step according to your
\/Kn; preferences by right-clicking on a step and selecting Edit
Color.

3. Select the column host_identity_verified and filter on True:
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0o

calendar

listings
¢

reviews

95 Fields 4K Rows

ile_pic 2

Clean1
</ KeepOnly X Exclude A2 EditV
TIF 'L Abc
host_identity_veri... 2 neighbol
False null
Allrtnn

True 1

E—

Edit Value
Replace with Null

Keep Only
Exclude

Figure 3.16: Filtering on True

Now, create a calculated field, called DatasetA_ID, containing just a string,

IAI:

Clean1

Filter Values

Add Field

Field Name

DatasetA_ID

.A,l

Calculationis valid ~

[5 create Calculated Field.

Reference

All

P Search
ABS

ACOS

AND

ASC

ASCII
ASIN
ATAN

26 Recommendations ¥

ABS(number)

Returns the absolute value of the
given number.

Example: ABS(-7) =7

EENE =

fi=] verif

Figure 3.17: Creating a calculated field
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5. Create a second cleaning step from the same listings data and filter this time
on False in the host_identity_verified column:

o
Clean2
Y
Clean1
\/ Keep Only X Exclude Aé Edit Value
o) TIF TIF
host_identity_veri... 2 re
False I =
True Keep Only
/ Exclude
Edit Value
Replace with Null

Figure 3.18: Filtering on False

6. Create a calculated field DatasetB_ID containing just a string 'B', using the
same process shown in Figure 3.17. Renaming the steps by right-clicking and
hitting Rename helps to keep track of the applied changes. Your flow should

look like the following;:
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« & C-
n A4
GY
@ it G
calendar DatasetB
Y
listings DatasetA
@
reviews

Figure 3.19: Visual flow

You have now created two datasets that can be combined using a union,
without changing the original data. Union the two by either selecting Union
after clicking on the + next to the step DatasetA or by dragging one step over
the other (DatasetB over DatasetA or vice versa):

Connections

: 0> ——o
D calendar.csv o

0 listings.csv calendar DatasetB
reviews.csv
O GY ®
Join
listings l &2 Union
DatasetB
Tables atase
e R reviews
reviews

Figure 3.20: Union
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8.

9.

10.

Check whether all fields match by clicking on the step Union 1 and looking
at the input details in the bottom left of the screen:

@‘U &

calendar Dataset8

-
.1

listings DatasetA Union 1

=

reviews

Union1 98Fields 4K Rows Y Filter Values... (5 createCalculatedField... Q 26Recommendations v PSEBE L Sef
Settings Changes (0 UnionResults  [] Show only mismatched fields
Inputs
Dat b ¥

W Datasets Table Names DatasetB_ID - DatasetA_ID
Resulting Fields

M tching fields from 98 resulting fields listings.csv null null

listings.csv-1 B A

Mismatched Fields

DatasetB_ID [

DatasetA_ID

Figure 3.21: Visual check

In the preceding screenshot, you can see that on the left, you have
information about the union. From top to bottom: the Inputs and their
respective colors (these are the same as in the flow pane), the Resulting
Fields, showing 2 mismatching fields, and finally, the mismatched fields
themselves: DatasetA_ID and DatasetB_ID. The colors next to each
mismatched field show that our DatasetB_ID field does not exist in
DatasetA, and the DatasetA_ID field does not exist in DatasetB.

In this case, we know that those columns can be appended even despite the
different naming conventions. A better name for both fields would have
been Dataset_ID (you can go a few steps back and try this out). Prep will not
show any mismatches then. But for us here, we can go ahead and drag and
drop one field on top of the other to merge them and thereby give Prep the
permission to view them as one column:
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Union1 98Fields 4K Rows Y Filter Values... +T» Automatic Split e Q 26Recommendations v 2 él
Settings Changes (0) UnionResults  [] Show only mismatched fields
Inputs
DatasetA

B oataset Datas: Drop to merge fields -«
Resulting Fields
2 Mismatching fields from 98 resulting fields. null

1 A
Mismatched Fields
DatasetB_ID
DatasetB_ID [ |
DatasetA_ID

Figure 3.22: Merge

11. See how the Resulting Fields now show 0 mismatches, and how both dataset
colors are now represented in the bar underneath the column header:

Union1 97Fields 4KRows Y’ Filter Values... «T» Automatic Split e
Settings Changes (0) UnionResults [ Show only
Inputs
DatasetA Abc
. DatasetB DatasetA 2
Resulting Fields
0 Mismatching fields from 97 resuiting fields. A

Figure 3.23: Color coding

12. Rename by selecting and right-clicking the union step from Union 1 to
listings2, and add a description by selecting and right-clicking the union step
and hit Add Description if you like —all the extra effort you make now will
help you later with replication, documentation, and explanation.

Congratulations, your first union was a success. We first split the original listings
dataset in two and then combined them again to one. Stacking data with the same
layout on top of each other, as we've done here, is a typical task for unions.
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Adding joins

Now, we will continue to work in the same flow pane and focus on a join. As a quick
refresher, a join appends data horizontally. As a rule of thumb, unions increase the
number of rows, joins change the number of columns.

1. Drag listings2 onto reviews until the Join option appears.

Y

OO0 - ——

calendar DatasetB
= ©
listings DatasetA listings2
a
7 [ oTn
gs<
&9 Union

Figure 3.24: Join

2. Select listing_id from reviews and id from listings2 for your join. Please note
that you can change the join type by clicking on the Venn diagram under
Join Type:
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Settings Changes (0)
Applied Join Clauses +
reviews listings2
listing_id = id

Join Type : inner
Click the graphic to change the join type.

reviews listings2

Summary of Join Results
Click the bar segments to view the included and excluded values.

P )
% Mismatched values

Included Excluded
reviews | 68,275 0
listings2 2,829 756

Join Clause Recommendations

Figure 3.25: Visual check join

What the preceding overview tells us is that all 68,275 rows of the reviews
dataset were matched to a row in the listing2 dataset. However, we do have
756 mismatches from the listing2 dataset. Our total Join Result is therefore
68,275 rows. But it is likely that not all listings have reviews and therefore
we can safely assume that our join worked as expected.
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3. Another check could be to change the join to a full outer join and dive deeper
into the data later in Tableau Desktop. In order to get to a full outer join,

simply click on the outer edge of the two circles:

Join Type : full

Click the graphic to change the join type.

reviews listings2

Figure 3.26: Full join

4. If you want to check immediate results, simply right-click on, for example,
the join symbol (represented by the Venn diagram icon, as shown in the
following screenshot), and you'll be able to check the data in Tableau

Desktop by selecting Preview in Tableau Desktop:

=t

listings2

reviews

@ o

Rename
Add Description
Edit Colour

Copy
Save Steps as Flow

Preview in Tableau Desktop

Figure 3.27: Preview

5. We can also rename the step; let's change our join's name to lis&rev.

By now, we've seen how to clean data, and how to use unions and joins. The union
part taught us how to append data vertically or underneath each other. The join part
allowed us to combine data horizontally or next to each other. More specifically, we
were able to combine the listings with their respective reviews. Instead of having two
datasets, we have created one that allows us to look up a listing review, and in the
same row, view all the data regarding the listing itself, like type of listing, number of

bedrooms, whether it has an ocean view, and so on.

Let's continue next with the aggregation step.
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Aggregating

An aggregation is used when you want to change the granularity of your data. In
our dataset, we have one row per review. However, we want to see if hosts that have
been in the Airbnb business in Boston longer have more reviews compared to hosts
that started more recently. In order to do so we need to get an aggregated number of
reviews per year that the host started offering listings. The field host_since will give
us helpful information as well as the field reviewer_id. For the latter we will count
the distinct reviewers that left reviews. Let's do it!

Our current flow pane looks like this:

OO0 - @ ©

calendar DatasetB listings2 lis&rev
Y
listings DatasetA reviews

Figure 3.28: Flow pane

To aggregate the amount of reviews, please take the following steps:

1. First, click on the + sign next to the lis&rev and choose Aggregate:

@ o

lis&rev Ace

+ Clean Step
Y Aggregate
02 Pivot

@ Join

S5 Union

B Script

(8 Output

reviews

RS Insert Flow

Figure 3.29: Aggregate
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2. This will open a window entitled Aggregate 1. Our goal is to see how many
people reviewed accommodation per year from when the host started
offering listings; therefore, take the following actions.

a. Using the search field in the Additional Fields pane, as indicated
by the arrow on the left in Figure 3.30, add the host_since field to
Grouped Fields by dragging and dropping.

b. Add the reviewer_id to Aggregated Fields, also by dragging and
dropping. Note that the default aggregation is SUM, as indicated by
the arrow on the right:

Aggregatel 2Fieids 9Rows Y Fitter Valuves.. [2 RenameField [ KeepOnlyField ¢ remove Field =i==R=]
— Setines Changes (0) Grouped Fields Aggregated Fields
Additional Flelds
—
I Add All | | Remove All |
01/01/2008, 00:00:00 1,060,261,051
Ab GROUP access 01/01/2009, 00:00:00 17,218,610,614
Sum accommodates 01/01/2010, 00:00:00 100,297,086,897
Ab GROUP amenities 01/01/2011, 00:00:00 104,081,673,144
Sum availability_30 01/01/2012, 00:00:00 177,318,433,480
# SUM availability_365 01/01/2013, 00:00:00 233,602,446,426
# Ssum availability_60 01/01/2014, 00:00:00 402,281,690,624
# SUM availability_90 01/01/2015, 00:00:00 413,069,156,557
SuM bathrooms 01/01/2016, 00:00:00 464,401,828,452
¢ GROUP bed_type
# sum bedrooms
# SUM beds
#* SUM calculated_host_listings_co...
GROUP calendar_last_scraped ok
b GROUP calendar_updated astsines reviewer_id
GROUP cancellation_policy 01/01/2009, 00:00:00 17,218,610,614
: GROUP city 01/01/2014, 00:00:00 464,401,828,452
% .
Sum cleaning_fee 01/01/2011, 00:00:00 177,318,433,480
b GROUP comments o =
b GROUP country 01/01/2016, 00:00:00 100,297,086,897
Ab GROUP country_code 01/01/2015, 00:00:00 413,069,156,557
a8 GROUP date 01/01/2012, 00:00:00 233,602,446,426
GROUP description 01/01/2008, 00:00:00 1,060,261,051

Figure 3.30: Aggregated fields

3. Change the reviewer_id aggregation by clicking on SUM under Aggregated
Fields, and change it to Count Distinct:
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Aggregated Fields

4 SUM

revi v Sum 0
Average
Median

1,0( Count

17,1 Count Distinct

100 Minimum
104 Maximum
177 Std.Dev

233 Std.Dev Pop.

402 Variance

413 Variance Pop.

464 Percentile 3
Group by

Figure 3.31: Count Distinct

This will change the default aggregation, Sum (where every review

is counted), to Count Distinct, which counts the distinct reviewer ID
aggregation. This will allow us to focus on how many different reviewers
left reviews. This is just an arbitrary choice; feel free to try out the other
aggregations and see how the data changes.
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Let's have a look at the Tableau Desktop preview by right-clicking on the Aggregate
step on our flow pane and selecting Preview in Tableau Desktop:

ii Columns B YEAR(host_since)
Rows SUM(reviewer_id)

Sheet 1

host_since

450B

400B

3508

3008B

250B

reviewer_id

200B

1508

100B

508

0B

2008 2009 2010 2011 2012 2013 2014 2015 2016

Figure 3.32: Host chart

[110]



Chapter 3

In the preceding screenshot, we can see the distinct count of reviews per host_since
date. Of course, in this specific example, Tableau Desktop could also count the
reviews per host_since date if those were the only fields dragged onto the view
without the help of Tableau Prep Builder. But a benefit of aggregating prior to
importing the data into Tableau Desktop is that you have less data to import; hence,
it's possible to achieve better performance. If you want to continue analyzing the
dataset in either Tableau Prep Builder or Tableau Desktop, you can now ask further
questions, such as the following:

*  Which type of accommodation has the highest discount for staying a week
rather than a day?

¢ Isthere a correlation between the size of the accommodation and the
monthly price?

* How many hosts (as a percentage) have more than one listing?
Good luck and happy dashboard building!

We finish this section here and look back at a graph consisting of only 9 datapoints,
which we created by aggregating the almost 64,000 rows of review_id data by year
that the host started offering the listing. The graph tells a story; 64,000 individual
rows of data don't. That is why it is so important to always reduce your data, and
aggregate it if possible. In the next section we will talk about another important
feature: pivoting.

Pivoting

Do you recognize a situation where you drag and drop your fields onto your Tableau
Desktop row and column shelves but somehow the visualization doesn't do what
you want? Chances are that you have to turn your data, or better, pivot it. If data
that you expect to be in one column, spread over multiple rows, appears in multiple
columns instead, it's a case for pivoting. The following example will showcase a need
for pivoting.
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For our pivot example, we will make use of another dataset. You can find it at
https://public.tableau.com/profile/marleen.meier. The dataset is very simple
and looks like this:

A leeslessl <€ [ D |
Day Blue Green Yellow

i 1 3 a4 3

| 2 4 7 4

| k) 3 5 2

i 4 z b 3

| 5 3 5 2

Figure 3.33: Excel input

It has three different colors that were observed on five different days, x amount of
times. This data is a typical example of when pivoting is helpful to tidy up the data
because multiple columns have the same purpose—B, C, and D are all observations.
If you wanted to visualize this table, it could look like the following:

pages i courvs. QD
= fows SuMGreen
Fiiters
Sheet 1
4
Marks N
~ AR ~ °
2
~ Lne B @
& O
Colour Size Label
B = N N
8

Detad  Toottip  Path

© SUM(BIue) ~ . /\/\

v SUM(Green) ~

Green

v SUM(Yellow) ~ 2

Yellow

Figure 3.34: Pivot [
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But you might be wondering, since the color scheme already indicates which color
has been observed, wouldn't it be better to put all three lines in one graph? Separate

lines per color, within one line-chart? Let's accomplish this!

Begin by connecting the PivotDataSet to Tableau Prep Builder, then follow these
steps to pivot the data:

1. From Prep, connect to the just created Excel file and add the PivotDataSet to
the flow pane, click on the + next to the input data step, and select Pivot. A
new step called Pivot 1 will appear:

PivotDataSet

'E%b N

o

Pivot 1

@

Figure 3.35: Adding a Pivot step

2. Click on the Pivot 1 step in the flow pane, and Figure 3.36 will appear at the
bottom of your Prep window. Select all three colors from the Fields pane
shown in Step I, and drag them onto the Pivoted Fields pane, as shown in

Step II:

Pivoted Fields

Flelds

Pivot Results

Pivotl Names

Pivotl Names

Blue
Green
Yellow

Pivotl V3

Step Il 7

Figure 3.36: Pivot steps
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3. Now, have a look at the Pivot Results pane, as shown in Step III of the
preceding screenshot, and rename Pivotl Names to Colors and Pivotl
Values to Observations by right-clicking and selecting Rename. And voil4,
we now have a clean table, called Clean 1 by default:

Clean1 3Fields 1SRows Y Filtervalues... [5 createcalculatedField...

>
# Abc #*

S  Observations © Colours 3 =+ 0 ... || Day 5

8

o

c

o

=

o
2 Blue 1
3 Green 2
4 Yellow 3
S 4
6 S
7

Figure 3.37: Pivot results

4. Remember our problem from the beginning? Our line chart can now be
created in a different way, as shown in Figure 3.38. Note that Colors is a
dimension now and the Observations are their own field, compared to
before when they were located under the column header of each color:

pages i coures QD
= Rows SUM(Observations)
Filters Colours
Sheet 2
M Blee
g W Green
Yellow
Marks
~ Automatic -
o O
Colow | Sz Label
3
o8 Q ~
Detal  Tootip  Path
CD 5
2
2
s
2 4
2
[}

Day

Figure 3.38: Pivoted line chart
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This is a simple use case for pivoting, but the technique here can be transferred to
any other dataset.

As a quick tip: Tableau Prep Builder has a built-in feature recommendation.
Whenever you see a light-bulb at the upper-right corner of a column, check it out
and see if this recommendation applies to your needs:

Recommendations X

[= Trim Spaces
Remove leading andXrailing spaces
from all values.

Sample values to trim

Muy buena experiencig, la ubic...
Very well furnished house with...
This apartment is perfect, Opti...
Dan’s place is spacious, quiet a...

Abc

aC

comments 67K =+ 0

null

\n\nPros: Towels ands...
\n\nThe place was perf...
\n\nWas told we would...
\n"Nice location, nice ...

\nBeautiful locationin ...

Figure 3.39: Trim spaces

In this case, Tableau recommends us to remove all leading and trailing spaces, which
is exactly what we need! As demonstrated here, it's always worth it to check the
recommendations.

Perfect, you are all set with the main Prep functionality. However, you might be
wondering what you are supposed to do if you require any further preparation.
No problem, Prep has you covered. Scripting is the newest addition to Prep and
the most powerful of all; it is virtually limitless! Continue reading to explore Prep's
scripting feature.
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Scripting

The script functionality that we will discuss next is one of the more recently added
features to Tableau. We will discuss it next because a programming language like
Python or R gives you endless flexibility. If you ever reach the boundaries of Prep's
offerings you can fall back on scripting and write your own code to do exactly what
you want.

In order to make use of it, you have to connect to Python (or R, if using), outside of
Tableau first. The following steps are based on the instructions from https://help.
tableau.com/current/prep/en-us/prep_scripts_TabPy.htm for Python or https://
help.tableau.com/current/prep/en-us/prep_scripts._R.htmfor R.

For this exercise we will be using the Boston Airbnb dataset, more specifically the
calendar table. Download this dataset from https://www.kaggle.com/airbnb/boston
and connect to the calendar table in Tableau Prep Builder:

« - & o

v

e

@ DatasetB
calendar

v

listings DatasetA

Figure 3.40: Calendar dataset

Now, let's take a step back and connect Python to Tableau Prep Builder:

1. Download and install Python from python.org (or download and install R
from https://www.r-project.org/).

2. Download and install tabpy by executing the following command in your
terminal or on the command line:

pip install tabpy

3. Alternatively, if using R, open R and execute:
install.packages("Rserve", , "http://rforge.net")
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4. Open tabpy on the command line/terminal by entering the following
command:

Or, in the R GUI, type:

library(Rserve)
Rserve()
5. Back in Tableau Prep Builder, click on the + on the right-hand side of the

calendar table and add a Clean Step.

6. Add a calculated field called PythonTest (use RTest instead if you've chosen
to experiment with R) with a string value "Test":

Add Field
calendar Clean1 Field Name
PythonTest
"Test"
Tos 1M Rows \/ Filter Values... |5 Create Calculated Field...
listing_id -+ date
0 i 01/09/2016
01/01/2017
5,000,000
01/05/2017 1 Calculationis valid ~
10,000,000 AR
01/09/2017
15,000,000

Figure 3.41: Python test
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7. Now, click on the + on the right-hand side of the Clean 1 step and add

Script.

.4

By selecting the Script step, the Settings pane at the
bottom (see Figure 3.41) will give you an option to connect
to Rserve or TabPy. Rserve is the Tableau server for R and
TabPy is the Tableau server for Python.

8. Choose your connection type by selecting Rserve or Tableau Python (TabPy)
Server. Connect Tableau Prep Builder to tabpy by using localhost and Port

9004 (if using R,

connect to Rserve by selecting it under Connection type and

using localhost and Port 6311 in the same popup):

.4

If using an SSL-encrypted Rserve server, Port 4912 is the
default port.

®

calendar

Clean1 Script1 DatasetB listings2

Tableau Python (TabPy) Server

listings

Tableau Python (TabPy) Server

Server

A Script1 5Fields 1M Rows E: Create Calcula T ——
Server: localhost X \ Port: | 9004
Settings Changes (0)
% Username:

Connection type

EYP PythpfiTest Password:
O Rserve
(® Tableau Python (TabPy) Server [] Require SSL (recommended)

[ Connect to Tableau Python (TabPy) Server /1

File Name

Browse

Function Name

No function name provided

01/05/2017
10,000,000
01/09/2017

15,000,000

Figure 3.42: TabPy Server
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10.

11.

Next, if experimenting with Python, create a . py file containing the following
code:

def ChangeString(df):
df[ 'PythonTest'] = 'Python’
return df

Alternatively, create a .R file containing the following code:

Get ChangeString<- add_column(
.data,

.before = 'Test'

.after = 'R") {

Return (data.frame ())

}

The script we just created is written to change an existing column in Prep and
rename every row from Test to Python or R, depending on which language
you've chosen.

We'll continue with the Python script. Back in Tableau Prep Builder, browse
for the .py file we just created and add the function name to the Tableau Prep
Builder interface. I called the file PrepTableau.py and the function name is
ChangeString, as defined in the preceding step:

Settings Changes (0)

Connection type
O Rserve
(® Tableau Python (TabPy) Server

Server

[ Connect to Tableau Python (TabPy) Server ]

File Name

PrepTableau.py

Function Name

‘ ChangeString

Figure 3.43: Adding a function
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12. Run the flow and observe that the PythonTest column has changed from
Test to Python:

Abc

PythonTest 1 El A O BT

Python

Figure 3.44: PythonTest

Our little experiment worked! And even though we used a very simplistic example,
it shows that the scripting feature works, and you can just follow your creativity with
what else you might be able to do by using scripting. Examples include everything
from calculating an inverse normal distribution to machine learning with sentiment
analysis or clustering.

You might have noticed that we did not import pandas in the script itself, but still
used a pandas DataFrame. This is due to the fact that the pandas import comes with
tabpy. You can see this in your command line/terminal after opening tabpy:

@ ® meiermarleen — tabpy — 130x37

ut_schema(df)\nresult_schema_output = get_output_schema_13fbade2991248c4b6826d7676030198(pd.DataFrame( argl))\nreturn result_schem
a output to dict(orient \'split\*’) if isinstance(result_schema_output, pd.DataFrame) else result_schema_output'}'..

0 ) (base_handler.py:base_handler:121): function to evaluate=def _user scnpt(tabpv: _argl):

p ema():
return * fd419633-2f56-4684-b391—a.3cc841bb9c '
def prep_string():
return ['prep_string_type']
prep_bool():
return ['prep_bool_type']
prep_int():
return ['prep_int_type']
prep_decimal():
return ['prep_decimal_type']
prep_date():
return ['prep_date_type']
prep_datetime():
return ['prep_datetime_type']
AddColumn(df):
df ["PythonScriptTest"] = 'PythonInput’
return df
get_output_schema_13fba4e2991a40c4b6826d7676030198(df = pd.DataFrame()):
import inspect
if len(inspect.getfullargspec(get_output_schema).args) ==
return get_output_schema()
else:
return get_output_schema(df)
result_schema_output = get_output_schema_13fbade2991a48c4b6826d76760308198(pd.DataFrame(_argl))
return result_schema_output.to_dict(orient="'split') if isinstance(result_schema_output, pd.DataFrame) else result_schema_output

de

-

de

-

de

-

de

>

de

>

de

-

de

-

Figure 3.45: Importing pandas on the command line

If you want to use other libraries in your script, you can install them by using pip
install on your command line/terminal. You only have to restart tabpy afterward
and you will be able to use them too. Remember, always open tabpy on the
terminal/command line first or else Tableau Prep Builder can't execute the script.
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, At the time of writing, Tableau Prep Builder does not support a
\/{n, script as input yet—you could however use a dummy .csv fileas a

workaround and add a script to the flow immediately after it.

Additional options with Tableau Prep
Builder

This section will discuss some smaller stand-alone but very powerful features. Some
of you might have been using Prep already since the very first release. With each
release and each additional user and given feedback, Tableau was able to create a
priority list of features that stakeholders —like you and I—really wished to see. The
upcoming topics are some of the best examples. None of these features were present
in the initial release but have made the product so much better, more valuable, and
more complete. You are able now to save part of your flow and reuse it, write back
your data to an external database, refresh parts of your dataset, and schedule flows
with the Tableau Data Management add-on. Let's take a closer look and start with
the 'insert flow' in flow function.

Insert flow

An option in Tableau Prep Builder is to add an existing flow to your own flow. For
example, say someone already worked on the Boston Airbnb dataset and created a
flow of the highlighted steps only:

« & o

[E]
[ E (5]

calendar Clean1 Script 1

Dataset8
atase Edit Colour >

B . 0 Copy
' - Save Stepsas Flow » Saveto File

listings DatasetA Publish to Server

Remove

Figure 3.46: Save to File
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You could save the steps you wish to insert into your flow by right-clicking and
selecting Save to File, as shown in Figure 3.46. These steps can be inserted back into
your flow by right-clicking on the canvas, selecting Insert Flow, and browsing your

.tf1 files for the previously downloaded file:

(E]
® —
calendar Clean1
RS Insert Flow
reviews

Bl o

Script 1

Figure 3.47: Insert Flow

After inserting the file containing the steps you previously downloaded, the result

will look like this:
[E]
(n) e B o
calendar Clean1 Script 1
"4
listings DatasetB listings2
Y
DatasetA
5 ¥
reviews

Figure 3.48: Prep flow
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This functionality is very convenient to share work and reuse already created steps.
Next we will look into another functionality that will allow you to refresh the data
used in your Prep flow: the incremental refresh.

Incremental refresh

Tableau Prep Builder 2020.2 saw the introduction of the incremental refresh feature.
After completing a flow and adding an output you can decide if you want a full or
incremental refresh, and which field you want to use as an indicator. Imagine you
have a dataset of infections per day of a particular disease. By every end of the day,
you want to add the new data, which comes from a health ministry database, to your
dataset. So, what are you going to do?

Typically, you would load the whole dataset, all of it, after the newest datapoints
were added. But nothing changes about the datapoints older than that day; they
will remain the same and you loaded them before already. Therefore, it is a waste
of resources to reload the whole dataset. An incremental refresh will only load new
datapoints and add them to the existing data, which has been built up over many
days. You can imagine how much time and effort this will save. It is a much more
sustainable way to keep your data up to date than a full refresh.

We are going to look at an example in the following workflow. It is important that
the Output is there:

@ ; C@ [>

calendar Clean1 Script1 Output

Figure 3.49: Incremental refresh
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To add the incremental refresh, take the following steps:

1. Click on the calendar input table and scroll down the Settings tab until you
see the Set up Incremental Refresh option. Then, click the Enable toggle:

@ i) ; C@ 5

calendar Clean1 Script1 Output
Input
Settings Multiple Files Data Sample Changes (0) calendar Ficlds selected 4 of
Select the fields to include i
Connection
Text fle Type Fielc
. Edit eting i
calendar.csv 2 listing_i
Original Table Name: calendar
e date
Text Options availabl:
(® First line contains header price

O Generate field names automatically

Field Separator

Comma v
Text Qualifier

Automatic v
Character Set

UTF-8 v
Locale

English (United States)

4

Set up Incremental Refresh

the latest rows for a specific field value when the values have changed since the flow was

(] Enable

Figure 3.50: Set up Incremental Refresh
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2. After you click on the Enable box, a dropdown will appear. This dropdown
contains all fields that Tableau Prep Builder finds useful as an indicator for a
data refresh. In our case, date is the perfect field to use since as soon as a new
date is added to the original data source, the refresh will start:

Set up Incremental Refresh

Get the latest rows for a specific field value when the values have changed since
the flow was last run.

[7]1 Chaahla
™ date
4 listing_id

Select a field v

Figure 3.51: Select a refresh field

3. Tableau Prep Builder will also ask you for the output field that will represent
the date column in the output. In our case it is still date:

Incremental Refresh

Specify the input and output fields to use to identify new rows.

Enable incremental refresh

Input field

9 date v
Output

Output v

Select the output and field with the
last processed value for field
"date"”.

Output field
B date v

Figure 3.52: Select an output field
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4. After everything is set up, click on the Qutput step again and note how you
can now select the type of refresh, full or incremental, you prefer for this flow
by clicking on the drop-down menu on the Run Flow option:

® —_— &
calendar Clean ) Script 1 Output
boe
output to Save to Output.hyper
Save to file v
R PythonTest listing_id date available price
Browse 1
Python 4,583,526 16/02/2017 True 195
Python 4,583,526 15/02/2017 True 195
Python 4,583,526 14/02/2017 True 195
Python 4,583,526 13/02/2017 True 195
Python 4,583,526 12/02/2017 True 195
Python 4,583,526 11/02/2017 True 195
Python 4,583,526 10/02/2017 True 195
. Python 4,583,526 09/02/2017 True 195
Python 4,583,526 08/02/2017 True 195
Python 4,583,526 07/02/2017 True 195
6/02/2017 True 195
poepe i) $/02/2017 True 195
4/02/2017 True 195
J l:;imeqm; refresh — Append to 3/02/2017 True 195
2/02/2017 True 195
=TT w ouo.aeu  w1/02/2017 True 195
Pvthon 4583526 31/01/2017 True 195

Figure 3.53: Refresh options

You just learned how to set up your data refresh —full as well as incremental.
This will help you with the sustainable usage of compute resources and to always
have your data up to date. Next we will introduce another Tableau feature that
unfortunately does not ship with the normal license but is definitely worth
investigating — Tableau Prep Conductor.
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Tableau Prep Conductor

With Tableau Prep Conductor you can publish your Prep flows to Tableau Server,
schedule them to run at a certain time, and always have refreshed data. The
conductor is available in the Tableau Data Management add-on and doesn't ship
with Tableau Desktop nor Tableau Prep Builder.

\/V For more information, please check https://www.tableau.com/

products/add-ons/data-management.

Exporting data

Last, but not least, we may want to export our data. We have seen before that a
right-click on a symbol in the flow pane offers the possibility to preview the data in
Tableau Desktop:

1. If you want a flow to run according to a schedule or save it to a location, it's
best to use Add | Output:

® — B o
calendar Clean1 Script 1 N

+ Clean Step
Y Aggregate
02 Pivot

@ Join

= Union

B Script

& Output

]9 Insert Flow

Figure 3.54: Output
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2. After you do this, the following screen will appear:

® — &l

calendar Clean1 Script1 Output
Output 5 fields
Save output to Save to Output.hyper
O File v
PythonTest listing_id date available price
Python 9,765 06/09/2016 False null
Name Python 9,765 12/09/2016 False null
Output Python 9,765  13/09/2016 False null
Python 9,824 06/09/2016 False null
Location Python 9,824  07/09/2016 False null
/-/Datasources Python 9,824  08/09/2016 False  null
Python 9,824 12/09/2016 False null
Output type
Python 9,824 13/09/2016 False null
Tableau Data Extract (.hyper) v
Python 9,824 14/09/2016 False null
Tauleas Gata ExteactLimil) Python 9,824  15/09/2016 False  null
Microsoft Excel (.xIsx) "
Comma Separated Values (.csv) Python 9,824 16/09/2016 False s
Python 9,824 17/09/2016 False null
Full refresh Previewing Python 9,824 18/09/2016 False null
Create table - Python 9,824 21/09/2016 False null
Python 9,824 22/09/2016 False null
Incremental refresh Python 9,824 23/09/2016 False null

m. Python 9,824 24/09/2016 False null

Figure 3.55: Save to file

3. The user now has the option to save the data to a file, and also to save it in

Hyper file format as .hyper, as .x1sx (new in Tableau 2021.1), or as a .csv
file.

4. Another option is to publish the newly generated data source directly to
Tableau Server and make it available for other users. For this option, select
Publish as a data source instead of Save to File from the dropdown.
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5. A third option to save Prep output was been added in Tableau 2020.3:
writing the resulting data to an external database. If you want to do so, select
the option Database table from the dropdown. At the time of writing, seven
databases are compatible with the write back functionality, but more will
likely be added based on user demand:

Save output to Output
5 Database table v
PythonTest listing_id date available price
Settings Custom SQL
Test 4,583,526 16/02/2017 True 195
~ Table Test 4,583,526 15/02/2017 True 195
Connaction Test 4,583,526 14/02/2017 True 195
Select a server — Test 4,583,526 13/02/2017 True 195
Test 4,583,526 12/02/2017 True 195
Test 4,583,526 11/02/2017 True 195
Test 4,583,526 10/02/2017 True 195
Microsoft SQL Server Test 4,583,526 09/02/2017 True 195
MysQL Test 4,583,526 08/02/2017 True 195
PostgreSQL
) Test 4,583,526 07/02/2017 True 195
Amazon Redshift
Srowflaka Test 4,583,526 06/02/2017 True 195
Oracle Test 4,583,526 05/02/2017 True 195
Teradata Test 4,583,526 04/02/2017 True 195
Test 4,583,526 03/02/2017 True 195
Test 4,583,526 02/02/2017 True 195
Test 4,583,526 01/02/2017 True 195
[ Runfiow | v [EERIE 4,583,526 31/01/2017 True 195

Figure 3.56: Save to external database

This section has shown us how to save our work or even more so, the output of
our Prep flows. To me, the ability to save output to an external database is the best
new feature, because it is the easiest way to share my output in a structured and
organized way with others. So not only I, but also other users, can work with the
prepped data, saving additional work. The flow can then be reused not only by me,
but by anyone.
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Summary

We started this chapter with an introduction to Tableau Prep Builder. We looked at the
GUI and how we can connect data to it. After that, we did some exercises regarding
data preparation. This can be divided into five parts: data cleaning, unions and joins,
aggregating, pivoting, and scripting. We also considered several additional options to
improve the usefulness of your data, including inserting steps from other flows, and
incremental refreshes. To round out this chapter on Tableau Prep Builder, we looked at
exporting data. Here, we saw that the new dataset can be saved as a file or data extract,
written back to an external database, or pushed directly to Tableau Server.

Just like Tableau Desktop, Tableau Prep Builder is very much self-explanatory

and highly visual. Colors, symbols, and highlights make it easy to get used to this
extract, transform, and load tool, which is invaluable for preparing your data before
manipulating it on the main Tableau interface!

In the next chapter, we'll continue our exploration of data in Tableau. We'll explore
how to prepare data for Tableau by looking at joins, blends, and data structures.
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Blends, and Data Structures

Connecting Tableau to data often means more than connecting to a single table in a
single data source. You may need to use Tableau to join multiple tables from a single
data source. For this purpose, we can use joins, which combine a dataset row with
another dataset's row if a given key value matches. You can also join tables from
disparate data sources or union data with a similar metadata structure.

Sometimes, you may need to merge data that does not share a common row-level
key, meaning if you were to match two datasets on a row level like in a join, you
would duplicate data because the row data in one dataset is of much greater detail
(for example, cities) than the other dataset (which might contain countries). In such
cases, you will need to blend the data. This functionality allows you to, for example,
show the count of cities per country without changing the city dataset to a country
level.

Also, you may find instances when it is necessary to create multiple connections

to a single data source in order to pivot the data in different ways. This is possible
by manipulating the data structure, which can help you achieve data analysis from
different angles, using the same dataset. It may be required in order to discover
answers to questions that are difficult or simply not possible with a single data
structure.
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In this chapter, we will discuss the following topics:

* Relationships

* Joins
¢  Unions
e Blends

* Understanding data structures

In version 2020.2, Tableau added functionality that will you allow you to join

or blend without specifying one of the two methods in particular. It is called
relationships. We will start this chapter off by explaining this new feature before we
look into the details of joins, blends, and more.

Relationships

Although this chapter will primarily focus on joins, blends, and manipulation of data
structures, let's begin with an introduction to relationships: a new functionality since
Tableau 2020.2, and one that the Tableau community has been waiting for a long
time. It is the new default option in the data canvas; therefore, we will first look into
relationships, which belong on the logical layer of the data model, before diving
deeper into the join and union functionalities that operate on the physical layer.

To read all about the physical and logical layers of Tableau's data
model, visit the Tableau help pages: https://help.tableau.

\Q’ com/current/online/en-us/datasource_datamodel.htm.
)

For now, you can think of the logical layer as more generic, where
the specifics are dependent on each view, whereas the physical
layer dives deeper, starting from the data source pane.

In the following screenshot, you can see the data source canvas, with two datasets
combined in a relationship on the left-hand side, and the same datasets combined
using a join on the right-hand side. Please note that relationships only show a line
between the tables (DimProduct and DimProductSubcategory), whereas joins
indicate the type of join by two circles:
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© Live Extract 4

| oimProduct

iiil

Show ahases Show hidden fie. 1000 = rows

Product Subcateg... English Product S... ~l1'o Manufact...
Touring Bikes 7

Touring Bikes

Touring Bikes.

Mountain Bikes

Mountain Bikes

Mountain Bikes

N )

Mountain Bikes

4
4
4
4
4
4
4

DimProduct -+ - :
o

Dealer Price

44541
44541
44541
44541
445.41
44541

445.41

©

N

Product Key

E 8 88888

- DImProduct+ (Ad... o ter fiers+ DImProduct+ (AdventureWorks_wo_Snowflaking)

| DimProductSubcalegory

Product Subcateg...

End Date

29/03/2013
29/03/2013
29/03/2013
29/03/2013
29/03/2013
29/03/2013
29/03/2013

Figure 4.1: Relationships and joins on the data source canvas

A key difference is that the preview of the data, at the bottom, will show only data
from the selected table in relationships, compared to all data when using joins. This
makes sense because the granularity of data can change in relationships, depending
on the fields you are using in your dashboard. Joins however have a fixed level of
granularity, which is defined by the type of join and join clauses you choose.

vl

\G/\, (@ DImProduct

Rename
Remove

Relationships are the default for Tableau Desktop 2020.2 and
higher. However, if you still want to make use of the join
functionality, you can drag a dataset into the data source canvas,
click on the drop-down arrow, and select Open...:

This will open the dataset as you used to see it in the data pane in
Tableau in versions before 2020.2 and you will be able to use joins
the old way, as we will describe in the Joins section.
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The line between two datasets in a relationship (based on the logical layer) is called a
noodle. Tableau detects a relationship as soon as you drag in the second data source
to the data source canvas, but you can add more key columns or remove and adjust
them if needed, by clicking on the noodle itself:

DImProduct DimProductSubcategory

Edit Relationship X

How do relationships differ from joins? Learn more

DimProduct DimProductSubcategory

4 Product Subcategory Key 4 Product Subcategory Key (DimPro...

@ Add more fields

v Performance Options

Figure 4.2: Relationships

If you open older dashboards in Tableau 2020.2 or later versions, you will see that the
joined data will be shown as Migrated. This is intentional. Just click on the migrated
data source and Tableau will switch from the logical to the physical layer, meaning
you will see the join-based data source canvas instead of the relationship canvas.

Looking at the worksheet, you will notice differences as well. In Figure 4.3 you will see
that in the new relationships layout (left), the columns are divided by table name first
and then split into Dimensions and Measures per data source, while in a join (right),
the columns are divided into dimensions and measures and split by table name:
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B DImProduct+ (Adventur... B DImProduct+ (Adventur...
e o HE o~ T o #HE o~
Tables Tables
v @ DimProduct v & DimProduct
Arabic Description e Arabic Description
Chinese Description abe  Chinese Description
Dealer Price abe  Dealer Price
End Date 9 EndDate
German Description sbe  German Description
#  Product Key #  Product Key
Product Subcategory K... sbe  Product Subcategory K...
Start Date {9 Start Date
Days To Manufacture v & DimProductSubcategory
Product Subcategory K... A English Product Subcat...
DimProduct (Count) Abc  Measure Names
v @ DimProductSubcategory v @ DimProduct
English Product Subcat... Days To Manufacture
Product Subcategory K...
Product Subcategory K...
DimProductSubcatego... | DimproductSubcategory
Product Subcategory K...
Measure Names ¢ DimProduct (Count)
Measure Values Measure Values

Figure 4.3: New and old Tableau layout

To conclude on relationships, the new data source layout makes it a lot easier

to combine datasets and you don't have to decide upfront if you want to join or
blend. People that are used to the old data source pane might have to get used to
the new flexibility a bit, but for new Tableau users, it will be much easier to work
with different datasets from the start. Nevertheless, we will still cover joins next,
especially because the functionality is still part of Tableau in the physical layer.
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Joins

This book assumes basic knowledge of joins, specifically inner, left-outer, right-outer,
and full-outer joins. If you are not familiar with the basics of joins, consider taking
W3Schools' SQL tutorial at https://www.w3schools.com/sql/default.asp. The basics
are not difficult, so it won't take you long to get up to speed.

The terms simple join and complex join mean different things in different contexts.
For our purposes, we will consider a simple join to be a single join between two
tables. Every other instance of joining will be considered complex.

The following screenshot shows a star schema, as an example of a complex join:

DimCurrency

DimPromotion DimSalesTerritory

FactinternetSales

/ \

DimProduct DimCustomer

Figure 4.4: Star schema

A star schema consists of a fact table (represented by FactInternetSales in Figure 4.4)
that references one or more dimension tables (DimCurrency, DimSalesTerritory,
DimCustomer, DimProduct, and DimPromotion). The fact table typically contains
measures, whereas the dimension tables, as the name suggests, contain dimensions.
Star schemas are an important part of data warehousing since their structure is
optimal for reporting.

The star schema pictured is based on the AdventureWorks data warehouse for MS
SQL Server 2014.

Access to the database, at https://github.com/Microsoft/

\/V sql-server-samples/releases/tag/adventureworks, may

prove helpful when working through some of the exercises in this
chapter.
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The workbook associated with this chapter does not include the whole SQL Server
database but just an extract. Also, to keep the file size of the workbook small, the
extract has been filtered to only include data for the United Kingdom.

One feature Tableau has that is less visible to us developers is join culling, which
Tableau makes use of every time multiple datasets are joined. To better understand
what Tableau does to your data when joining multiple tables, let's explore join culling.

Join culling

The following screenshot is a representation of the star schema graphic shown in
Figure 4.4 on the Tableau data source page using joins:

2o : XI-(§) ] DimCustomer
q) L D) q _ Oy,
Inner Left Right Full Outer AN :
- <€), ] DimProduct
Data Source DimSalesTerritory o

SalesTerritoryKey = SalesTerritoryKey (Dim.. — . .
[ D), ] DimPromotion

(§)—| DimSalesTerritory

Figure 4.5: Join culling

The preceding screenshot communicates an inner join between the fact table,
FactInternetSales, and various dimension tables. FactInternetSales and
DimSalesTerritory are connected through an inner join on the common key,
SalesTerritoryKey.

In order to better understand what just has been described, we will continue with
a join culling exercise. We will look at the SQL queries generated by Tableau when
building a simple view using these two tables, which will show us what Tableau
does under the hood while we simply drag and drop.

Note that Tableau always de-normalizes or flattens extracts; that
is, no joins are included in our AdventureWorks extract that ships
, with the Tableau workbook for this chapter. If you still want to
\/{n; see the SQL join queries and you don't have access to the database
or the data files on GitHub, you can download the data from the
Tableau workbook and put it in separate Excel sheets yourself. You
can then join the tables in the manner shown in Figure 4.4.
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As shown in the following screenshot, you can separate the data based on the table
structure in the worksheets:

Tables

> B DimCurrency
DimCustomer
DimProduct
DimPromotion
DimSalesTerritory

B 60 6 6 @

FactinternetSales
Measure Names

>
o
0

DimCustomer
DimProduct
DimPromotion

@ B & @

FactinternetSales

Figure 4.6: Tables

Open the tables and place the columns into separate files:

o 0 2294.99 2294.99 1 10 363 2 10 11422 20130203 ##H#st 1 98
DimCurrency DimCi DimP i Diml DimSalesTeritory F artll DimPs y

Figure 4.7: Separate input data

Once you have done so, please follow these steps:

1. Locate and download the workbook associated with this chapter from
https://public.tableau.com/profile/marleen.meier/.
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Select the Join Culling worksheet and click on the AdventureWorks_Join_
Culling data source.

Drag Sales Territory Country to the Rows shelf and place SalesAmount on
the Text shelf:

Pages ili Columns
= Rows Sales Territory Country
Filters Sales Territory ..
United Kingdom 3,391,712
Marks
Automatic v
s & @
Colour Size Text
oso Q
Detail Tooltip
SUM(SalesAmount)

Figure 4.8: Sales amount
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4. From the menu, select Help, then Settings and Performance, and then Start

Performance Recording:

Story Analysis Map Format Server Window O J % @ = W)
#| Tableau - Mastering Tab .0 ¢ Search

?:; Z e & Standard Open Help
Get Support...
i Columns Check for Product Updates...
— Watch Training Videos
= Sample Workbooks
Sample Gallery
Sales Territory ..
United Kinadom ~ 3.391.712 Choose Language
Reset Ignored Messages
Clear Saved Server Sign-ins Manage Product Keys...

Enable Automatic Product Updates
Don't Send Product Usage Data (requires restart)
Enable Autosave

Enable Animations

Enable Accelerated Graphics

Show Explanation Diagnostics

Manage Analytics Extension Connection...

Set Dashboard Web View Security B

Start Performance Recording

Figure 4.9: Start Performance Recording

Press F5 on your keyboard to refresh the view.

Stop the recording with Help, then Settings and Performance, and finally
Stop Performance Recording.

In the resulting Performance Summary dashboard, drag the time slider
to 0.0000 and select Executing Query. Now you see the SQL generated by
Tableau:
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Performance Summary

This workbook shows the main events while recording performance. Search Help for detail..

Elapsed Time
Show Events taking at least (in.. I’Eoooo

0.1690 |

Events Sorted by Time

Connecting to Data ..
Executing Query
Computing Layout
Compile Query
Computing Layout
Sorting Data

0.04

0.001 0.002 0.005 0.01 0.02 0.05 0.1 0.2
Elapsed Time (s)
Query

SELECT [DimSalesTerritory].[SalesTerritoryCountry] AS
[SalesTerritoryCountry],

Figure 4.10: Performance recording

So far, we have connected Tableau to our dataset, then we created a very simple
worksheet, showing us the number of sales for the United Kingdom. But, in order
for Tableau to show the country and the sales amount, it needs to get data from
two different tables: DimSalesTerritory and FactInternetSales. The performance
recording in Figure 4.10 shows how long each step of building the dashboard
took and which query was sent to the database. That query is exactly what we are
interested in, to see what is going on behind the scenes. Let's look at it in detail:

SELECT "DimSalesTerritory"."SalesTerritoryCountry" AS
"SalesTerritoryCountry"”, "FactInternetSales"."SalesAmount" AS
"SalesAmount"

FROM "TableauTemp"."FactInternetSales$" "FactInternetSales"

INNER JOIN "TableauTemp"."DimSalesTerritory$" "DimSalesTerritory" ON
("FactInternetSales"."SalesTerritoryKey" = "DimSalesTerritory"."SalesTe
rritoryKey")

GROUP BY 1, 2
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Note that a single inner join was generated, between FactInternetSales and
DimSalesTerritory. Despite the presence of a complex join — meaning that multiple
tables are being joined — Tableau only generated the SQL necessary to create the
view. In other words, it only created one out of a number of possible joins. This is
join culling in action.

In Tableau, join culling assumes tables in the database have referential integrity; that
is, a join between the fact table and a dimension table does not require joins to other
dimension tables. Join culling ensures that if a query requires only data from one
table, other joined tables will not be referenced. The end result is better performance.
Next, we'll consider another concept in Tableau that affects how datasets are joined:
snowflaking.

Snowflaking

Let's make one small change to the star schema and add the
DimProductSubcategory dimension. In the workbook provided with this chapter,
the worksheet is entitled Joins w/ Snowflaking. Viewing the joins presupposes that
you have connected to a database as opposed to using the extracted data sources
provided with the workbook.

Let's look at the changes made in the following screenshot:

FactinternetSales k @ - DimCurrency
@ - DimCustomer
(®) - DimProduct - () - DimProductSubcategory

@ - DimPromotion

@ - DimSalesTerritory

Figure 4.11: Snowflaking

Note that there is no common key between FactInternetSales and
DimProductSubcategory. The only way to join this additional table is to connect it to
DimProduct, so we want to understand what Tableau is doing in this case and if this
will have any complications for our dashboard building.
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Let's repeat the steps listed in the Join culling section to observe the underlying SQL
and consider the results in the following code block:

1.

Select the Join w/ Snowflaking worksheet and click on the
AdventureWorks_w_Snowflaking data source

Drag Sales Territory Country to the Rows shelf and place SalesAmount on
the Text shelf

From the menu, select Help, then Settings and Performance, and then Start
Performance Recording

Press F5 on your keyboard to refresh the view

Stop the recording with Help, then Settings and Performance, and finally
Stop Performance Recording

In the resulting Performance Summary dashboard, drag the time slider to
0.0000 and select Executing Query

Now you should see the SQL generated by Tableau:

SELECT "DimSalesTerritory"."SalesTerritoryCountry" AS
"SalesTerritoryCountry"”, "FactInternetSales"."SalesAmount" AS
"SalesAmount"

FROM "TableauTemp"."FactInternetSales" "FactInternetSales" INNER JOIN
"TableauTemp"."DimProduct"” "DimProduct" ON ("FactInternetSales"."Produc

tKey" = "DimProduct"."ProductKey")
INNER JOIN "TableauTemp"."DimSalesTerritory" "DimSalesTerritory" ON
("FactInternetSales"."SalesTerritoryKey" = "DimSalesTerritory"."SalesTe

rritoryKey")
WHERE (NOT ("DimProduct"."ProductSubcategoryKey" IS NULL)) GROUP BY 1,

2

Although our view does not require the DimProduct table, an additional join was
generated for the DimProduct table. Additionally, a WHERE clause was included.
What's going on?

The additional inner join was created because of snowflaking. Snowflaking
normalizes a dimension table by moving attributes into one or more additional tables
that are joined on a foreign key. As a result of the snowflaking, Tableau is limited in
its ability to exercise join culling, and the resulting query is less efficient. The same is
true for any secondary join.
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, A materialized view is the result of a query that is physically stored
\n/ in a database. It differs from a view in that a view requires the
associated query to be run every time it needs to be accessed.

The important points to remember from this section are as follows:

* Using secondary joins limits Tableau's ability to employ join culling. This
results in less efficient queries to the underlying data source.

* Creating an extract materializes all joins. Thus even if secondary joins are
used when connecting to the data source, any extract from that data source
will be denormalized or flattened. This means that any query to an extract
will not include joins and may thus perform better. Therefore, in the case of
complex joins, try to use extracts where possible to improve performance.

Now that the technical details have been discussed, let's take a look at joins in
dashboards themselves.

Join calculations

In Tableau, it is also possible to join two files based on a calculation. You would use
this functionality to resolve mismatches between two data sources. The calculated
join can be accessed in the dropdown of each join.

See the following screenshot:

DimCurrency — / !4 DimCustomer
Join X

@» | @& | @ | @

Inner Left Right Full Outer

Data Source DimCustomer

Enter search text

Currency Alternate Key
Currency Key
Currency Name

Create Join Calculation...

Figure 4.12: Create Join Calculation...
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As an example, imagine a dataset that contains one column for First Name, and
another column for Last Name. You want to join it to a second dataset that has one
column called Name, containing the first and last name. One option to join those two
datasets is to create a Join Calculation like the following in the first dataset:

[First Name] + ' + [Last Name]

Now, select the Name column in the second dataset and your keys should be
matching!

If you want to know more about calculated joins, please check the Tableau Help
pages: https://help.tableau.com/current/pro/desktop/en-us/joining_tables.
htm#fuse-calculations-to-resolve-mismatches-between-fields-in-a-join.

Spatial joins

In Tableau 2018.2, spatial joins were added. What this means is that you can join
spatial fields from Esri shapefiles, KML, GeoJSON, Maplnfo tables, Tableau extracts,
and SQL Server. Imagine two datasets, one about the location of basins, indicated by
a spatial field, and a second dataset containing the locations of waterfowl] sightings,
also in a spatial column. Tableau allows you to join the two, which is very hard to do
otherwise because most programs don't support spatial data.

In order to join on spatial columns, you have to select the Intersects field from the
Join dropdown:

3- Japan_Basins.shp+ (Multiple Connections)

| Japan_Basins.shp (®) Waterfowl_sites.shp
O ] Join
Inner Left Right Full Outer
Data Source Waterfowl_sites.shp

Ceometry Ceometry (Wat...

Figure 4.13: Intersects
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For more information on joining spatial files in Tableau, read the following resources
from Tableau:

®* https://help.tableau.com/current/pro/desktop/en-us/maps_spatial_
join.htm

* https://www.tableau.com/about/blog/2018/8/perform-advanced-spatial-
analysis-spatial-join-now-available-tableau-92166

Alternatively to a horizontal join, you might need a vertical join, also called a union.
A typical union use case is visualizing data that is stored in multiple files or tables
over time. You might have a daily report, in which the column structure is the same
but collected as a new file every day, stored in a monthly or yearly folder.

Combining those files gives so much more insight than a single one at a time! You
will be able to analyze trends and changes from day to day or maybe year to day. So,
we will continue with an in-depth explanation of unions in Tableau next.

Unions

Sometimes you might want to analyze data with the same metadata structure, which
is stored in different files, for example, sales data from multiple years, or different
months, or countries. Instead of copying and pasting the data, you can union it.

We already touched upon this topic in Chapter 3, Tableau Prep Builder, but a union is
basically where Tableau will append new rows of data to existing columns with the
same header. Let's consider how to create a union, by taking the following steps:

1. Create the union by dragging and dropping FactInternetSalesPartII from the
left pane on top of FactInternetSales in the data source pane, until the word
Union appears, a sign that when dropping the data now, the data will be
used for a union:
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Connections

AdventureWorks_Join_Culling

Microsott Excel

FactlnternetSales

Sheets 2 Union E2 FactinternetSalesPartll

Use Data Interpreter

Data Interpreter might be able to
clean your Microsoft Excel
workbook.

DimCurrency

DimCustomer

DimProduct

DimProductSubcategory Sort fields | Data source order v

DimPromotion
DimSalesTeritory .
FactinternetSales Discount Amount Unit Price Discoun... Unit Price

FactinternetSalesPartil [¥] 0 74235

¥ B EEHEB8

New Union 0 0 74235

Figure 4.14: Union

2. Alternatively, right-click on the primary dataset and select Convert to
Union...:

I FactinternetSales v

v Field names are in first row
GCenerate field names automatically

Convert to Union...

Duplicate
Remove

Figure 4.15: Convert to Union...

[147]



All About Data - Joins, Blends, and Data Structures

3. In the following popup (Figure 4.16), the user has the option to select all the
data tables that should be part of the union individually by drag and drop, or
use a Wildcard union that includes all tables in a certain directory based on
the naming convention—a * represents any character. FactInternetSales* will
include any file that starts with FactInternetSales:

ED FactlnternetSales { !
| Open...
Rename
Remove
Field names are in first row
FactinternetSales+ Generate field names automatically
o |_EditUnion...
—
Specific (manual) Wildcard (automatic) '
Include v | FactinternetSales* , o
t Price Sales Am
235 742.35
Include v AdventureWorks_Join_Culling.xlsx
235 742.35
Expand search to subfolders 34.07 2384.07
19.99 2319.99
Expand search to parent folder
19.99 2319.99
34.99 2294 .99
19.99 2319.99
Aoply 13.35 244335
¢219.99 2319.99

Figure 4.16: Edit Union...
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Unions are used to combine data that is very similar and can be appended
underneath each other. They are most often used for multiple data files where each
has a different date stamp, or a different region, or a different manager, and so forth.
By using a union, you want to make the dataset more complete. We saw that Tableau
allows unions by drag and drop, as well as right-clicking on the initial data source.
We also talked about unions that combine one or more other datasets, using drag
and drop or wildcards. Figure 4.17 presents a typical union example:

Dataset A Dataset B
Date Name Sales Date Name Sales
10-18-2020  Spencer $100 10-19-2020 Spencer $50
10-18-2020  Maggie $200 10-19-2020 Maggie $125
10-18-2020  Ruth $150 10-19-2020 Ruth $80
10-19-2020 Niti $500

UnionA&B

Date Name Sales

10-18-2020 Spencer $100

10-18-2020 Maggie $200

10-18-2020 Ruth $150

10-19-2020 Spencer $50

10-19-2020 Maggie $125

10-19-2020 Ruth $80

10-19-2020 Niti $500

Figure 4.17: Union

Let's look at the aspects we need to remember:

* Unions append data in creating additional rows.
* A union should contain datasets that have many common columns.

*  Unions should only be used for same-structured data stored across multiple
data sources.

* Keep an eye on performance when using unions. With each additional
dataset in the union, you will increase the complexity of Tableau's VizQL.
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Since you just became a union expert, it's time to move on to the next feature Tableau
offers: blending! Blending helps you to combine datasets that have a different

level of granularity. Think one-to-many relationships between datasets. One dataset
has a unique key per row, the other has multiple rows per key. In order to avoid
duplicating rows in the first-mentioned dataset, Tableau came up with blending,
long before relationships were part of the software package.

Blends

Relationships make data blending a little less needed and it can be seen as legacy
functionality. But for the sake of completeness and for older Tableau versions (below
2020.2) let's consider a summary of data blending in the following sections. In a
nutshell, data blending allows you to merge multiple, disparate data sources into a
single view. Understanding the following four points will give you a grasp on the
main points regarding data blending:

* Data blending is typically used to merge data from multiple data sources.
Although as of Tableau 10, joins are possible between multiple data sources,
there are still cases when data blending is the only possible option to merge
data from two or more sources. In the following sections, we will see a
practical example that demonstrates such a case.

* Data blending requires a shared dimension. A date dimension is often a good
candidate for blending multiple data sources.

* Data blending aggregates and then matches. On the other hand, joining
matches and then aggregates.

* Data blending does not enable dimensions from a secondary data source.
Attempting to use dimensions from a secondary data source will result in a
* or null in the view. There is an exception to this rule, which we will discuss
later, in the Adding secondary dimensions section.

Now that we've introduced relationships, joins, and unions, I would like to shift
your focus a bit to data structures within your workbook. You might have set up the
perfect join or union, start dragging and dropping fields onto your workbook canvas,
use a filter, use a calculated field, and then receive some unexpected results. Tableau
is behaving just not the way you like it. Why might that be?! The order of operation
here is key. It is essential to know when which filter will be applied and how this
affects your data. Therefore, next in line: order of operations.
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Exploring the order of operations

Isn't a data blend the same thing as a left join? This is a question that new Tableau
authors often ask. The answer, of course, is no, but let's explore the differences.

The following example is simple, even lighthearted, but does demonstrate serious
consequences that can result from incorrect aggregation resulting from an erroneous
join.

In this example, we will explore in which order aggregation happens in Tableau.
This will help you understand how to more effectively use blends and joins.

One day, in the near future, you may move to fulfill a lifelong desire to open a brick
and mortar store. Let's assume that you will open a clothing store specializing in
pants and shirts. Because of the fastidious tendencies you developed as a result of
years of working with data, you are planning to keep everything quite separate, that
is, you plan to normalize your business. As evidenced by the following diagram, the
pants and shirts you sell in your store will be quite separated:

-

Pants

Figure 4.18: Pants and shirts store

You also intend to keep your data stored in separate tables, although these tables will
exist in the same data source.
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Let's view the segregation of the data in the following screenshot:

Pants Table Shirt Table
Salesperson |Pants Amount Sales Associate |Shirt Amount
Tanya 100 Tanya 50
Zhang 100 Zhang 50
Tanya 100 Tanya 50
Zhang 100 Zhang 50

Figure 4.19: Pants and shirts tables

In these tables, two people are listed: Tanya and Zhang. In one table, these people
are members of the Salesperson dimension, and in the other, they are members of
the Sales Associate dimension. Furthermore, Tanya and Zhang both sold $200 in
pants and $100 in shirts. Let's explore different ways Tableau could connect to this
data to better understand joining and data blending.

When we look at the spreadsheets associated with this exercise, you will notice
additional columns. These columns will be used in a later exercise.

Please take the following steps:

1. Inthe workbook associated with this chapter, right-click on the Pants data
source and look at the data by clicking View data. Do the same for the Shirts
data source.

2. Open the Join data source by right-clicking on it and selecting Edit Data
Source, and observe the join between the Pants and Shirts tables using
Salesperson/Sales Associate as the common key:

8- Join

Pants.csv is made of 2 tables. ©

Pants.csv : C@ Shirts.csv

2] @ Join
@ @& @ @@
Inner Left Right Full Outer
Data Source Shirts.csv
VISaIesperson = Sales Associat... l

Add new join cla..

@]

Sort fields D;

Figure 4.20: Join
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3. On the Pants worksheet, select the Pants data source and place Salesperson
on the Rows shelf and Pants Amount on the Text shelf:

Pages iii Columns
= Rows
Filters
Pants
Salesperson
Tanya 200
Marks Zhang 200
Automatic v
HH &
Colour Size Text
ozo Q
Detail Tooltip
SUM(Pants Am..

Figure 4.21: Setting up the worksheet

4. On the Shirts worksheet, select the Shirts data source and place Sales

Associate on the Rows shelf and Shirt Amount on the Text shelf:

Pages iii Columns
= Rows Sales Associate
Filters .
Shirts
Sales Assoc..
Tanya 100
Marks Zhang 100
Automatic v
H- &
Colour Size Text
ogo l:,]
Detail Tooltip
SUM(Shirt Am..

Figure 4.22: Shirts
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5. On the Join worksheet, select the Join data source and place Salesperson on
the Rows shelf. Next, double-click Pants Amount and Shirt Amount to place
both on the view:

Pages iii Columns Measure Names
Rows Salesperson

Join

Filters

Measure Names

Pants Shirt
Salesperson Amount Amount

Marks Tanya 400.0 200.0
Zhang 400.0 200.0
Automatic v
b &
Colour Size Text
ogo Q
Detail Tooltip

Measure Values

Measure Values

SUM(Pants Amount)
SUM(Shirt Amount)

Figure 4.23: Join
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6. On the Blend - Pants Primary worksheet, select the Pants data source and
place Salesperson on the Rows shelf and Pants Amount on the Text shelf:

Pages iii Columns

= Rows
Filters

Blend Pants — Primary

Salesperson

Tanya 200
Marks Zhang 200
Automatic v
- &
Colour Size Text
ogo Q
Detail Tooltip
SUM(Pants Am..

Figure 4.24: Blend pants

Stay on the same worksheet and select the Shirts data source from the data

source pane on the left and double-click on Shirt Amount. Click OK if an
error message pops up.

Select Data then Edit Blend Relationships...:

Worksheet Dashboard Story
G4 New Data Source #¥D

o

Analytics

Edit Blend Relationships...
Replace Data Source...

Figure 4.25: Edit Blend Relationships...
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9.

10.

11.

In the resulting dialog box, click on the Custom radio button as shown in
Figure 4.26, then click Add....

In the left column, select Sales Associate, and in the right column, select
Salesperson. The left column represents data from the Primary data source
and the right column represents all the data available in the Secondary data
source, as shown in Figure 4.26.

Remove all other links if any and click OK. The results in the dialog box
should match what is displayed in the following screenshot:

@ &} Blend Relationships

Blend relationships determine how data from secondary data sources are joined with
primary data sources.

Primary data source:

Shirts &2
Secondam Automatic @ Custom

AdventureWorks_Join_Culling Sales Associate Salesperson

Join i

Add...

cancel (TN

Figure 4.26: Blend Relationships

A little recap on what we have done so far: we are working with three data
sources: Pants, Shirts, and Join, where Join consists of Pants and Shirts. We
have also created a blend with Pants being the primary data source and we
connected them by using Salesperson and Sales Associate as keys.
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, Don't get confused by the name Blend Relationships. This
\/{n, has nothing to do with the logical layer Relationships. It
is just the name of the pop-up window.

Going back to the exercise, continue with the following steps.

12. On the Blend - Shirts Primary worksheet, select the Shirts data source and
place Sales Associate on the Rows shelf and Shirt Amount on the Text shelf:

Pages iii Columns

Rows Sales Associate
Filters

Blend Shirts — Primary

Sales Associate

Tanya 100
Marks Zhang 100
Automatic v
°e &
Colour Size Text
080 Q
Detail Tooltip
SUM(Shirt Am..

Figure 4.27: Blend Shirts - Primary
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13. On the same workbook, select the Pants data source and double-click Pants
Amount in order to add it to the view:

Pages ili Columns Measure Names
Rows Sales Associate

Blend Shirts — Primary

Filters

Measure Names

Pants Shirt
Sales Associate Amount Amount

Marks Tanya 200.0 100.0
Zhang 200.0 100.0
Automatic v
°e &
Colour Size Text
ogo Q

Detail Tooltip

Measure Values

Measure Values

SUM(Pants Amou.. &
SUM(Shirt Amount)

Figure 4.28: Finalizing the worksheet
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14. Place all five worksheets on a dashboard. Format and arrange as desired.
Now let's compare the results between the five worksheets in the following

screenshot:
Pants Shirts
Salesperson Sales Assoc..
Tanya 200 Tanya 100
Zhang 200 Zhang 100
Join
Salesperson Pants Amount Shirt Amount
Tanya 400.0 200.0
Zhang 400.0 200.0
Blend Pants - Primary Blend Shirts — Primary
Salesperson Sales Asociate
Tanya 200 Tanya 100
Zhang 200 Zhang 100

Figure 4.29: Comparison

In the preceding screenshot, the Join worksheet has double the expected results.
Why? Because a join first matches on the common key (in this case, Salesperson/
Sales Associate) and then aggregates the results. The more matches found on a
common key, the worse the problem will become. If multiple matches are found on a
common key, the results will grow exponentially. Two matches will result in squared
results, three matches will result in cubed results, and so forth. This exponential
effect is represented graphically in the following screenshot:

Pants Table Shirts Table
CMetehl ||
Tanya = — — __|Match 2 \patch3| - ---- 'Tanya
Tanya --===22227 - __ Match4 [ ° -3 Tanya

Figure 4.30: Join
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On the other hand, the blend functioned more efficiently but before the blend could
function properly, we had to edit the data relationship so that Tableau could connect
the two data sources using the Salesperson and Sales Associate fields. If the two
fields had been identically named (for example, Salesperson), Tableau would have
automatically provided an option to blend between the data sources using those fields.

The results for the Blend Pants - Primary and Blend Shirts - Primary worksheets
are correct. There is no exponential effect. Why? Because data blending first
aggregates the results from both data sources, and then matches the results on a
common dimension.

In this case, it is Salesperson/Sales Associate, as demonstrated in the following
screenshot:

Query resulting
Pants Data in Aggregation
Source
Join each aggregation on
Query resulting Salesperson/Sales Rasult
Shirt Data in Aggregation Associate

Source

Figure 4.31: Blending results

What we saw in this exercise is that joins can change the data structure, so be careful
when using them and be very aware of which columns are a suitable key. Also, do
checks before and after joining your data, which can be as easy as counting rows and
checking if this is the expected result.

Blending has advantages and disadvantages; adding dimensions, for example, is
not that straightforward. But we will explore more details regarding secondary
dimensions in the next section.

Adding secondary dimensions

Data blending, although very useful for connecting disparate data sources, has
limitations. The most important limitation to be aware of is that data blending does
not enable dimensions from a secondary data source. There is an exception to this
limitation; that is, there is one way you can add a dimension from a secondary data
source. Let's explore further.
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There are other fields besides Salesperson/Sales Associate and Shirt Amount/
Pants Amount in the data sources. We will reference those fields in this exercise:

1.

In the workbook associated with this chapter, select the Adding Secondary
Dimensions worksheet.

Select the Shirts data source.

Add a relationship between the Shirts and Pants data sources for Material
Type, taking the following steps:

1. Select Data then Edit Relationships.
2. Ensure that Shirts is the primary data source and Pants is the
secondary data source.
3. Select the Custom radio button.
4. Click Add...:
@ @ Blend Relationships

Blend relationships determine how data from secondary data sources are joined with
primary data sources.

Primary data source:

Shirts g

Secondary data source: Automatic @ Custom
AdventureWorks_Join_Culling Sales Associate Salesperson
Join

Add...

Cancel  (ICIIN

Figure 4.32: Custom blend relationships
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4. Select Material Type in both the left and right columns:

primary data sources.

Primary data source:
Pants

Secondary data source:
AdventureWorks_Join_Culling
Join

Blend Relationships

Automatic @ Custom

Blend relationships determine how data from secondary data sources are joined with

Material Type
Salesperson

Material Type
Sales Associate

Add...

Cancel

Figure 4.33: Custom blend relationships

5. Click OK to return to the

view.

6. Place Material Type on the Rows shelf.

Select the Pants data source and make sure that the chain-link icon next to

Material Type in the Data pane is activated and that the chain-link icon next
to Salesperson is deactivated. If the icon is a gray, broken chain-link, it is not
activated. If it is an orange, connected chain-link, it is activated:

L L]

Data Analytics

B8 AdventureWorks_Join_C...
8 Join

2 Pants

& Shirts

mn
i
4

o Y i
Tables

Abc  Fastener
Abc Material Cat

Material Type o
Salesperson c/>

Figure 4.34: Shirts and pants
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8. Place Material Cat before Material Type, and Fastener after Material Type on
the Rows shelf as follows:

= Rows Material Cat & 1 Material Type

Adding Secondary Dimensions
Material Cat Material Type Fastener

Tech Acrylic Button Abc
Polyester Velcro Abc
Traditional Wool . Abc

Figure 4.35: Secondary dimensions

Material Cat is a dimension from a secondary data source. Data blending does not
enable dimensions from a secondary data source. Why does it work in this case?
There are a few reasons:

* There is a one-to-many relationship between Material Cat and Material
Type; that is, each member of the Material Type dimension is matched with
one and only one member of the Material Cat dimension.

e The view is blended on Material Type, not Material Cat. This is important
because Material Type is at a lower level of granularity than Material Cat.
Attempting to blend the view on Material Cat will not enable Material Type
as a secondary dimension.

* Every member of the Material Type dimension within the primary data
source also exists in the secondary data source.

Fastener is also a dimension from the secondary data source. In Figure 4.35, it
displays * in one of the cells, thus demonstrating that Fastener is not working as a
dimension should; that is, it is not slicing the data, as discussed in Chapter 1, Getting
Up to Speed - A Review of the Basics. The reason an asterisk displays is that there are
multiple fastener types associated with Wool. Button and Velcro display because
Acrylic and Polyester each have only one fastener type in the underlying data.

If you use blending, make sure that your main reason is to combine measures and
that you don't need the dimensions on a detailed level. It is very useful to know this
before you create a dashboard, in order to prepare accordingly. Maybe your data
needs extra prepping (check Chapter 3, Tableau Prep Builder) because neither a join
nor a blend can bring you the expected data structure. Or maybe you can make use
of scaffolding, a technique that uses a helper data source —we will discuss this in the
next section.
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Introducing scaffolding

Scaffolding is a technique that introduces a second data source through blending
for the purpose of reshaping and/ or extending the initial data source. Scaffolding
enables capabilities that extend Tableau to meet visualization and analytical needs
that may otherwise be very difficult or altogether impossible. Joe Mako, who
pioneered scaffolding in Tableau, tells a story in which he used the technique to
recreate a dashboard using four worksheets. The original dashboard, which did not
use scaffolding, required 80 worksheets painstakingly aligned pixel by pixel.

Among the many possibilities that scaffolding enables is extending Tableau's
forecasting functionality. Tableau's native forecasting capabilities are sometimes
criticized for lacking sophistication. Scaffolding can be used to meet this criticism.

The following are the steps:
1. In the workbook associated with this chapter, select the Scaffolding
worksheet and connect to the World Indicators data source.

2. Using Excel or a text editor, create a Records dataset. The following two-row
table represents the Records dataset in its entirety:

Record

Figure 4.36: Excel file

3. Connect Tableau to the dataset.
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4. To be expedient, consider copying the dataset directly from Excel by using

5.

6. Create another parameter named End Date with identical settings.

Ctrl + C and pasting it directly into Tableau with Ctrl + V.

Create a Start Date parameter in Tableau, with the settings seen in the
following screenshot. In particular, notice the highlighted sections in the

screenshot by which you can set the desired display format:

Edit Parameter [Start Date] X
Name: [Start Date Comment >>
Properties
Data type: Date v
Current value: ’ 1/1/2000 I
Display format: [2000 I V]
Allowable values: (O All O List @ Range | 14-Mar-01 A | -~ Custom
Wednesday, March 14, 2001 Format:
it g L]

Range of values March 14, 2001

H

Wednesday, 14 March, 2001

Minimum: [1/1/2000{ 14 March, 2001

Wed, March 14, 2001
Maximum: March 14, 2001
. March 2001
Step size: [1 < | Years v March, 2001
' ' 2001 Q1
2001 W11
[ Custom I

v

< >

Figure 4.37: Display format
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7. In the Data pane, right-click on the Start Date and End Date parameters you
just created and select Show Parameter:

-4 Country A-B Diff Add to Sheet
-4 Country BPopulation  RASMACIE G
=4+ Country B YOY Change Cut
=4 lookkup Copy
4 Records
4= Migrated Data (Coun, Ed't".'
=4+ Number of Record Duplicate
, Rename
4 Measure Values Hide
Delete
Parameters Create B
= End Date .
Default Properties >
Abc  Select Country A
4# Select CountryA Forecast  Folders >
Abc  Select Country B
‘ Replace References...
4 Select Countfy B Forecast Describe
=N Start Date

Figure 4.38: Show Parameter

8. Set the start and end dates as desired, for example, 2000-2024:

Start Date
2000
O >
End Date
2024
O £|l>

Figure 4.39: Start and end dates

9. Select the Records data source and create a calculated field called Date with
the following code:

ITIF([Records]=1,[Start Date],[End Date])
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10. Place the Date field on the Rows shelf.

11. Right-click on the Date field on the Rows shelf and select Show Missing
Values. Note that all the dates between the start and end date settings now

display:

= Rows

Year of Date N

B = YEAR(Date) ~

Filter..

Show Filter

2000 Show Highlighter
2001
2002 & Sort.
2003 Format...
2004 v Show Header
2005 + Include in Tooltip

tﬁ Show Missing Values [}

® VYear 2015

Figure 4.40: Show Missing Values

12. Create a parameter named Select Country A with the settings shown in the
following screenshot. In particular, note that the list of countries was added
with the Add from Field button:

Edit Parameter [Select Country A]

Name: lSeIect Country A

Comment >>

Properties
Data Type: String
Current value: China

Display format:

List of values

Allowable values: () All @) List

Range

X

Value
Afghanistan
Albania

Algeria

American Samoa

Andorra

Angola

Antigua and Barbuda

Display As A

Add from Parameter »

Add from Field 4 II

Actual/Forecast

Paste from Clipboard

v Clear All

OK Cancel

| Country |

Region

Figure 4.41: Add from Field
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13. Create another parameter named Select Country B with identical settings.

14. Create a parameter named Select Country A Forecast with the settings given
in the following screenshot. In particular, notice the sections by which you
can set the desired display format:

[©] Edit Parameter [Select Country A Forecast]
Name: Select Country A Forecast] Comment >>
Properties

Data type: Float o

Current value: 0.0045

Value when workbook opens . I o

Display format: 0.45% [T

Allowable values: All List © Range

Range of values

Minimum: -0.01 Set from Parameter »
Maximum: 0.01 Set from Field »

Step size:  0.0005

Cancel  (CISN

Figure 4.42: Edit parameter

[168]



Chapter 4

15. Create another parameter named Select Country B Forecast with identical

settings.

16. In the Data pane, right-click on the four parameters you just created (Select

Country A, Select Country B, Select Country A Forecast, and Select

Country B Forecast) and select Show Parameter:

Country A-B % Diff
Country A-B Diff
Country B Population
Country BYOY Change
lookkup

# # #

Records
Migrated Data (Count)
Number of Records

# # # # # &

Measure Values

Parameters

5 EndDate

abc  Select Country A

4 Select Country A Forecgst
Abc  Select Country B

= Start Date

el Select Country B Forec... ~

Add to Sheet
v/ Show Parameter

Cut
Copy

Edit...
Duplicate
Rename
Hide
Delete

Create =
Default Properties >
Folders >

Replace References...
Describe...

Figure 4.43: Show Parameter
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17. Make sure that the Date field in the World Indicators data source has the
orange chain-link icon deployed. This indicates it's used as a linking field:

@ Country \

= Date co
Abc  Region

Abc

Measure Names

Figure 4.44: Link

18. Within the World Indicators dataset, create the following calculated fields:

Calculated field name | Calculated field code

. IIF([Country] = [Select Country A],[Population
Country A Population Total],NULL)

. IIF([Country] = [Select Country B],[Population
Country B Population Total],NULL)

19. Within the Records dataset, create the following calculated fields:

Calculated field name | Calculated field code
IIF(ISNULL(AVG([World Indicators].[Population
Actual/Forecast Total])), "Forecast”,"Actual”)
IF [Actual/Forecast] = "Actual” THEN SUM([World
Indicators].[Country A Population]) ELSE
PREVIOUS_VALUE(9)
Country A Population *[Select Country A Forecast] + PREVIOUS_
VALUE (@)
END
([Country A Population] - LOOKUP([Country A
Country A YOY Population], -1)) /
Change
ABS(LOOKUP([Country A Population], -1))
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IF [Actual/Forecast] = "Actual” THEN SUM([World
Indicators].[Country B Population]) ELSE
PREVIOUS_VALUE(9)

Country B Population *[Select Country B Forecast] + PREVIOUS_
VALUE (@)
END
([Country B Population] - LOOKUP([Country B
Country B YOY Population], -1)) /
Change

ABS(LOOKUP([Country B Population], -1))

Country A-B Diff

[Country A Population] - [Country B Population]

Country A-B % Diff

[Country A-B Diff]/[Country A Population]

20. Within the Data pane, right-click on Country A YOY Change, Country B
YOY Change, and Country A-B % Diff and select Default Properties |
Number format... to change the default number format to Percentage, as
shown in the following screenshot:

Measures - ]
i ACtUAl/F orecast " = Sl Default Number Format [Multiple Fields) X

# Country A Population Automatic Percentage
=% Country A YOY Change Measure Values Number (Standard) Decimal places:

= Number (Custom) [ﬁ

all Country A-B % Diff Cut Currency (Standard) —i

+ Country A-B Diff Currency (Custom)

o 4 Copy Scientific

# Country B Populatior Duplicate Percentage

gl Country B YOY Chan o Custom

Hide
# lookk
ook Delete

= Records

#  Number of Records gleate k

#  Measure Values Convert to Discrete
Parameters Change Data Type *

9 i yp Clear Cancel

% End Date GeographicRole  *» | ]
asc Select Country A Default Properties  » Number format..

¢ Select Country A For Group by » Total using

Figure 4.45: Default Properties
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21. With the Records data source selected, place the Actual/Forecast, Measure
Values, and Measure Names fields on the Color, Text, and Columns shelves,

respectively:
Pages i Columns
= fows
Filters

Forecast and Compare for China and India

Measure Names =

CountryA  Country A YOY CountryB  Country B YOY
Year of Date Population Change Population Change
Marks 2000 1,262,645,000 1,042,261,758
2001 1,271,850,000 0.73% 1,059,500,888 1.65%
Automatic T 2002 1,280,400,000 0.67% 1,076,705,723 1.62%
o0 o 2003 1,288,400,000 0.62% 1,093,786,762 1.59%
Colour Size Text 2004 1,296,075,000 0.60% 1,110,626,108 1.54%
- o 2005 1,303,720,000 0.59% 1,127,143,548 1.49%
2006 1,311,020,000 0.56% 1,143,289,350 1.43%
Detail Tooltip
2007 1,317,885,000 0.52% 1,159,095,250 1.38%
b 2008 1,324,655,000 0.51% 1,174,662,334 1.34%
@ 2009 1,331,260,000 0.50% 1,190,138,069 1.32%
2010 1,337,705,000 0.48%  1,205,624,648 1.30%
2011 1,344,130,000 0.48% 1,221,156,319 1.29%
Measure Values 2012 1,350,695,000 0.49% 1,236,686,732 1.27%
2o
auss
2016 20
zote
Country A- i A 2019 1.20%
2020 20
2021 2
AGG(Actual/Forecast) 2022 2
M Actual 2023 20
I Forecast 2024

Figure 4.46: Forecast setup

22. Adjust the Measure Values shelf so that the fields that display are identical
to the following screenshot. Also, ensure that Compute Using for each of
these fields is set to Table (down):

Measure Values

Country A Population Format
foudiy BYOYChange ~ Include in Tooltip
Country B Population

Measure
Country B YOY Change
Country A-B Diff Compute Using * [ Table (down)

Remove Cell
Date

»

Figure 4.47: Compute Using
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So, what have we achieved so far? We basically created a duplicated data structure
that allows us to compare two countries in two separate columns, even though

the data is in one column in the original dataset. This setup allows us to ask more
advanced questions.

To demonstrate this, let's ask, "When will India's population overtake China's?" You can
set the parameters as desired —1I chose 0.45% and 1.20% as the average yearly growth
rates, but feel free to choose any parameter you think works best for a country. In
Figure 4.48 you see that with a growth rate of 0.45% and 1.20% for China and India,
respectively, India will have more inhabitants than China by 2024. You can observe
this by looking at the columns Country A Population and Country B Population.
Everything in orange is a forecast, while everything in blue is actual data from our
dataset:

Forecast and Compare for China and India Setect Country A
China v

Country A Country AYOY Country B Country BYOY Country A-B%
Year of Date Population Change Population Change Country A-B Diff Diff Select Country B
2000 1,262,645,000 1,042,261,758 220,383,242 17.45% ndia .
2001 1,271,850,000 0.73% 1,059,500,888 165% 212,349,112 16.70%
2002 1,280,400,000 0.67% 1,076,705,723 162% 203,604,277 15.91% Start Date
2003 1,288,400,000 0.62% 1,093,786,762 159% 194,613,238 15.11%
2004 1,296,075,000 0.60% 1,110,626,108 154% 185,448,892 14.31%
2005 1,303,720,000 0.59% 1,127,143,548 1.49% 176,576,452 13.54% © >
2006 1,311,020,000 0.56% 1,143,289,350 1.43% 167,730,650 12.79%
2007 1,317,885,000 0.52% 1,159,095,250 138% 158,789,750 12.05% End Date
2008 1,324,655,000 0.51% 1,174,662,334 1.34% 149,992,666 11.32%
2009 1,331,260,000 0.50% 1,190,138,069 132% 141,121,931 10.60% o <>
2010 1,337,705,000 0.48%  1,205,624,648 130% 132,080,352 9.87%
2011 1,344,130,000 0.48% 1,221,156,319 129% 122,973,681 9.15% Select Country A For..
2012 1,350,695,000 0.49% 1,236,686,732 127% 114,008,268 8.44%
2013 e ST Lot THeaes 5 s
2014 1.20% 96,333,31 7.079
2015 380 0 Select Country B For...
2016 ) (
2017 )4 2 2
2018 : o <>
2019 2
2020 :
2021
2022
2023 1
2024 427,006,17: 1,541,084

Figure 4.48: Forecast dashboard

In reality, we are obviously already many years ahead; can you use this dashboard
to figure out the actual average growth rate for China and India from 2012 to 2020 if
I tell you that the population in 2020 was 1,439,323,776 in China and 1,380,004,385 in
India? Share your results on Tableau Public with the tag #MasteringTableau!

One key to this exercise is data scaffolding. Data scaffolding produces data that
doesn't exist in the data source. The World Indicators dataset only includes dates
from 2000 to 2012 and obviously, the Records dataset does not contain any dates.
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By using the Start Date and End Date parameters coupled with the calculated Date
field, we were able to produce any set of dates desired. We had to blend the data,
rather than join or union, in order to keep the original data source intact and create
all additional data outside of the world indicators itself.

The actual data scaffolding occurred upon selecting Show Missing Values from the
Date field dropdown after it was placed on the Rows shelf. This allowed every year
between Start Date and End Date to display even when there were no matching
years in the underlying data. Chapter 6, All About Data - Data Densification, Cubes, and
Big Data, will explore something very similar to data scaffolding, data densification,
in more detail.

Let's look at a few of the calculated fields in more depth to better understand how
the forecasting works in this exercise.

Calculated Field: Actual/Forecast:

IIF(ISNULL(AVG([World Indicators].[Population
Total])), "Forecast","Actual")

The preceding code determines whether data exists in the World Indicators dataset.
If the date is after 2012, no data exists and thus Forecast is returned.

Calculated Field: Country A Population:

IF [Actual/Forecast] = "Actual" THEN SUM([World Indicators].[Country A
Population]) ELSE PREVIOUS_VALUE(®)

*[Select Country A Forecast] + PREVIOUS_VALUE(©) END

If forecasting is necessary to determine the value (that is, if the date is after 2012), the
ELSE portion of this code is exercised. The PREVIOUS_VALUE function returns the value
of the previous row and multiplies the results by the forecast and then adds the
previous row.

Let's look at an example in the following table:

Previous Row Value (PRV) 1,000
Forecast (F) 0.01
PRV *F 10
Current Row Value 1,010

One important thing to note in the Country A Population calculated field is that the
forecast is quite simple: multiply the previous population by a given forecast number
and tally the results. Without changing the overall structure of the logic, this section
of code could be modified with more sophisticated forecasting.
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These exercises have shown that with a few other tricks and techniques, blending
can be used to great effect in your data projects. Last but not least we will talk about
data structures in general such that you will better understand why Tableau is doing
what it is doing and how you can achieve your visualization goals.

Understanding data structures

The right data structure is not easily definable. True, there are ground rules. For
instance, tall data is generally better than wide data. A wide dataset with lots of
columns can be difficult to work with, whereas the same data structured in a tall
format with fewer columns but more rows is usually easier to work with.

But this isn't always the case! Some business questions are more easily answered
with wide data structures. And that's the crux of the matter. Business questions
determine the right data structure. If one structure answers all questions, great!
However, your questions may require multiple data structures. The pivot feature
in Tableau helps you adjust data structures on the fly in order to answer different
business questions.

Before beginning this exercise, make sure you understand the following points:

* Pivoting in Tableau is limited to Excel, text files, and Google Sheets,
otherwise, you have to use Custom SQL or Tableau Prep

* A pivot in Tableau is referred to as unpivot in database terminology

As a business analyst for a hospital, you are connecting Tableau to a daily snapshot
of patient data. You have two questions:

* How many events occur on any given date? For example, how many patients
check in on a given day?
*  How much time expires between events? For example, what is the average

stay for those patients who are in the hospital for multiple days?

To answer these questions, take the following steps:

1. In the starter workbook associated with this chapter, select the Time Frames
worksheet, and within the Data pane, select the Patient_Snapshot data
source.

2. Click on the dropdown in the Marks card and select Bar as the chart type.
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3. Right-click in the Data pane to create a parameter named Select Time Frame
with the settings displayed in the following screenshot:

Name: [ ] Comment >>
Properties
Data Type: Integer x;
Current value: Surgery to Discharge v
Display format: IAutomatic v

Allowable values: O All @ List O Range

List of values
Value Display As Add from Parameter *
1 Length of Stay : :
Add from Field »
2 Time to Surgery , i
3 Surgery to Discharge ~ Paste from Clipboard

Clear All

Figure 4.49: Parameter

4. Right-click on the parameter we just created and select Show Parameter.

5. Right-click in the Data pane to create a calculated field called Selected Time
Frame with the following code:
CASE [Select Time Frame]
WHEN 1 THEN DATEDIFF('day',[Check-in Date],[Discharge Date])
WHEN 2 THEN DATEDIFF('day',[Surgery Date],[Discharge Date])
WHEN 3 THEN DATEDIFF('day',[Check-in Date], [Surgery Date])
END
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directed:

6. Drag the following fields to the associated shelves and define them as

Field name

Shelf directions

Patient Type

Drag to the Filter shelf and check Inpatient.

Check-in Date

Drag to the Filter shelf and select Range of dates. Also right-click
on the resulting filter and select Show Filter.

Check-in Date

Right-click and drag to the Columns shelf and select MDY.

iiiifd Time Right-click and drag to the Rows shelf and select AVG.
Selected Time | Right-click and drag to the Color shelf and select AVG. Set colors
Frame as desired.

After these actions, your worksheet should look like the following:

Pages iii Columns MDY(Check-in Date)
= Rows AVG(Selected Time Fr..
Filters . Select Time Frame
Time Frame: Length of Stay
Patient Type: Inpatient Length of Stay v
Check-in Date Check-in Date
6.0 Check-in Date
04/01/2015  08/01/2015
Marks 5.5 a - D
ul Bar v
5.0
o &
Colour Size Label 45
%0 Q
Detail Tooltip 4.0
Bl AVG(Selected T..

35

3.0

2.5

2.0

15

1.0

0.5

0.0

4 January 5January 6 January 8 January
2015 2015 2015 2015

Figure 4.50: Initial dashboard
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7. Right-click on the Avg Selected Time Frame axis and select Edit Axis..., as
shown in the following figure. Then delete the title:

Time Frame: Length of Stay

Check-in Date
6.0°

555
5.0-

4.5-

SelectMarks

3 Format...
\/Show Header

f |
1 AddReferenceLine J’

2.0%

0.0

4 January 5 January 6 January 8 January
2015 2015 2015 2015

Figure 4.51: Edit Axis
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Select Worksheet | Show Title. Edit the title by inserting the parameter
Select Time Frame, as shown in the following screenshot:
Edit Titie

}Tab!eau Light \/] \'15 V!

X
Bz ul - [=] Insert v || X
<Sheet Name> - <Parameters.Select Time Fran

[
[}
1}

Data Source Name

Data Update Time
Sheet Name

Workbook Name

Parameters.Select Time Frame
Parameters.Start Date

AVG(Selected Time Frame)
DAY(Check-in Date)
Patient Type

Reset

e | o
Figure 4.52: Add parameter

The data structure was ideal for the first part of this exercise. You were probably able
to create the visualization quickly. The only section of moderate interest was setting
up the Selected Time Frame calculated field with the associated parameter.
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This allows the end user to choose which time frame they would like to view:

. Select Time Frame
Time Frame: Length of Stay
Length of Stay v

Check-in Date

6.0 Check-in Date

04/01/2015  08/01/2015
55 a D

5.0
4.5
4.0
35
3.0
2.5
2.0
15
10

0.5

0.0

4 January 5January 6 January 8 January
2015 2015 2015 2015

Figure 4.53: Dashboard

But what happens if you need to find out how many people were involved in a type
of event per day?
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This question is rather difficult to answer using the current data structure because
we have one row per patient with multiple dates in that row. In Figure 4.54 you can
see the difference: the right-hand side is our current data structure and the left-hand
side is the data structure that would make it easier to count events per day:

Patient Event Date Patient Event A Date Event B Date Event C Date
V) A X V] X Y 4

V] B Y v Y X

V] C 4

v A Y

v B X

Figure 4.54: Patient data structure

Therefore, in the second part of this exercise, we'll try a different approach by
pivoting the data:

1. In the starter workbook associated with this chapter, select the Events Per
Date worksheet.

2. In the Data pane, right-click the Patient_Snapshot data source and choose
Duplicate.

3. Rename the duplicate Events.
4. Right-click on the Events data source and choose Edit Data Source...:

o | Pages

_J Events

) patient |__Edit Data Source... |
- . Refresh

Dimension

Figure 4.55: Edit Data Source...
5. Review the highlighted areas of the following screenshot and take the
following steps:
a. Click on the Manage metadata icon
b. Select all five of the date fields with Shift or Ctrl + click
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c. Select the drop-down option for any of the selected fields and choose

Pivot:
2z j Sort fields Datd source order v
Field F{ Manage metadata i Table Remote
abe Patient ID Patient!Snapshot Patient
abc Patient Type Patient!Snapshot Patient

Check-in Date v Patient!Snapshot Check-ir

Admitted Date Rename
Copy Values

Hide

Surgery Date
Create Calculated Field...

Pivot [\

Figure 4.56: Pivot

=)
8
B Prepped Date
=)
B8

Discharge Date

6. The pivot will turn rows and columns around and we will get a data
structure just like in Figure 4.54 on the left-hand side. Rename the pivoted
fields to Event Type and Event Date.

7. Select the Events Per Date worksheet and place the following fields on the
associated shelves and define as directed:

Field name Shelf directions

Event Date Right-click and drag to the Rows shelf and select MDY
Event Type Place after Event Date on the Rows shelf

Patient Type Right-click and select Show Filter

Number of Records | Drag to Columns shelf
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From this, your worksheet should look like the following:

Event Type

[ Admitted Date
Check-in Date

240 Discharge Date

M Prepped Date
Surgery Date

Events per Date

220

200

e -

) l .
: -

4 January 2015 S January 2015 6 Jsruary 2035 7 January 2015 8 January 2015 9 January 2015 10 January 2015 11 January 2015

Number of Records

Figure 4.57: Events per Date

The original data structure was not well suited for this exercise; however, after
duplicating the data source and pivoting, the task to count events per day was quite
simple since we were able to achieve this by using only three fields: Event Date,
Number of Records, and Event Type. That's the main takeaway. If you find yourself
struggling to create a visualization to answer a seemingly simple business question,
consider pivoting.

Summary

We began this chapter with an introduction to relationships, followed by a
discussion on complex joins, and discovered that, when possible, Tableau uses join
culling to generate efficient queries to the data source. A secondary join, however,
limits Tableau's ability to employ join culling. An extract results in a materialized,
flattened view that eliminates the need for joins to be included in any queries.
Unions come in handy if identically formatted data, stored in multiple sheets or data
sources, needs to be appended.
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Then, we reviewed data blending to clearly understand how it differs from joining.
We discovered that the primary limitation in data blending is that no dimensions
are allowed from a secondary source; however, we also discovered that there are
exceptions to this rule. We also discussed scaffolding, which can make data blending
surprisingly fruitful.

Finally, we discussed data structures and learned how pivoting can make difficult
or impossible visualizations easy. Having completed our second data-centric
discussion, in the next chapter, we will discuss table calculations as well as
partitioning and addressing.
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The topic of table calculations in Tableau is so rich and deep that it alone could
legitimately be the subject of an entire book. Exploring the various options that

are available for each table calculation function and the various ways that table
calculations can be applied is an interesting and rewarding endeavor. As you review
the examples in this chapter, you will undoubtedly encounter techniques that you
can apply in your day-to-day work; however, you may struggle to understand why
some of these techniques work. This chapter has been written with the intent of
providing ways of thinking about table calculations that will prove useful in your
journey toward mastering this fascinating topic. Along the way, some practical
examples will be considered as well.

I would like to draw your attention to the work of three individuals who helped to
make this chapter possible. Joshua Milligan provided the idea of directional and non-
directional as a taxonomy for considering how Tableau table calculation functions
are applied. Of the dozens of blogs, forum posts, conference sessions, articles, and
white papers reviewed for this chapter, Jonathan Drummy's blog post (http://
drawingwithnumbers.artisart.org/at-the-level-unlocking-the-mystery-part-1-
ordinal-calcs/), At the Level - Unlocking the Mystery Part 1: Ordinal Calcs, was the
clearest and most insightful for understanding the various nuances of partitioning
and addressing. Lastly, Joe Mako's unsurpassed understanding of the inner
workings of Tableau and his willingness to share that insight through the Tableau
forums was very helpful.
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In this chapter, we will discuss the following topics:

* A definition and two questions
* Introducing functions
¢ Directional and non-directional table calculations

* Application of functions

Let's go into more detail and start this chapter off with a general definition of table
calculations and two resulting questions, which we will answer by the end of this
chapter.

A definition and two questions

As discussed in Chapter 1, Getting Up to Speed - A Review of the Basics, calculated fields
can be categorized as either row-level, aggregate-level, or table-level. For

row - and aggregate-level calculations, the underlying data source engine does most
(if not all) of the computational work and Tableau merely visualizes the results. For
table calculations, Tableau also relies on the underlying data source engine and the
available RAM on your machine to execute computational tasks; however, after that
work is completed and a dataset is returned, Tableau performs additional processing
before rendering the results.

Let us look at the definition of table calculations, as follows:

A table calculation is a function performed on a cached dataset that has been
generated as a result of a query from Tableau to the data source.

Let's consider a couple of points regarding the dataset in cache mentioned in the
preceding definition:

* This cache is not simply the returned results of a query. Tableau may adjust
the returned results. We will consider this in Chapter 6, All About Data - Data
Densification, Cubes, and Big Data; Tableau may expand the cache through
data densification but usually, it is user-driven.
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* It's important to consider how the cache is structured. Basically, the dataset
in cache is the table used in your worksheet and, like all tables, is made up of
rows and columns. This is particularly important for table calculations since
a table calculation may be computed as it moves along the cache. Such a table
calculation is directional (for an example, see Figure 5.1).

* Alternatively, a table calculation may be computed based on the entire cache
with no directional consideration. These table calculations are non-directional.
Directional and non-directional table calculations will be explored more fully
in the Directional and non-directional table calculations section.

typically referred to as a partition. This chapter will often use both
terms side by side for clarity.

C’ Note that in the Tableau documentation, the dataset in cache is
\’/

The structure of this chapter was created with the intent of providing a simple
schema for understanding table calculations. This is communicated through two
questions:

*  What is the function?
* How is the function applied?

These two questions are inexorably connected. You cannot reliably apply something
until you know what it is. And you cannot get useful results from something until
you correctly apply it. The Introducing functions section explores each unique table
calculation function, and how each can be considered directional or non-directional.
The Application of functions section explores how table calculations are applied to the
view via partitioning and addressing dimensions.

Introducing functions

As discussed earlier in this chapter, it may be helpful to enhance your understanding
of table calculations with the following two questions: what is the function and how
is the function applied? We will begin by grouping each table calculation function to
be directional or non-directional.
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Tableau offers a wide range of table calculations, but if we narrow our consideration to
unique groups of table calculation functions, we will discover that there are only 11.

The following table shows those 11 functions organized into two categories:

Directional Functions Non-Directional Functions

LOOKUP SCRIPT_STR

PREVIOUS VALUE SIZE

RUNNING TOTAL

WINDOW

FIRST

INDEX

LAST

RANK

As mentioned in A definition and two questions, non-directional table calculation
functions operate on the entire cache and thus are not computed based on movement
through the cache. For example, the SIZE function doesn't change based on the value
of a previous row in the cache. On the other hand, RUNNING_SUM does change based on
previous rows in the cache and is therefore considered directional. In the following
section, we'll see directional and non-directional table calculation functions in action.

Directional and non-directional table
calculations

Let us have a closer look at directional and non-directional table calculations:

1. Navigate to https://public.tableau.com/profile/marleen.meier to locate
and download the workbook associated with this chapter.
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2. Navigate to the Directional/Non-Directional worksheet.

3. Create the calculated fields, as shown in the following table:

Name Calculation Notes

Lookup LOOKUP(SUM([Sales]),-1) | Notice the -1 included in this
calculation. This instructs Tableau to
retrieve the value from the previous
row.

Size SIZE() The SIZE function returns the
number of rows in the partition.
Therefore, as can be seen in the
following screenshot, the size equals
the total number of rows.

Window WINDOW_ The Window sum functions (WINDOW_
Sum SUM(SUM([Sales])) SUM(expression, [start, end])
can operate either directionally or
non-directionally. Since this example
does not include the [start, end]
option, it operates non-directionally.

Window WINDOW_ This example of a window function

Sum w/ SUM(SUM([Sales]),0,1) is operating directionally, as can be

Start&End seen by the inclusion of the [start,
end] option.

Running RUNNING_ By their nature, RUNNING functions

Sum SUM(SUM([Sales])) operate directionally since they
consider previous rows in order to
compute.

4. Place Category and Ship Mode on the Rows shelf.
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5. Double-click on Sales, Lookup, Size, Window Sum, Window Sum w/
Start&End, and Running Sum to populate the view as shown in the

following screenshot:

Measure Values iii Columns
o n indo n
_ toakup size WIS
Category  Ship Mode Sales Table Table i;laol;llg StaErrt‘ﬁ ?Iz;)t?lg
3 (Down)  (Down)  noun) alongT..  (Down)
: Furniture  First Class 110,731 12 2,297,201 149879 110,731
Same Day 39,149 110,731 12 2,297,201 195438 149,879
Second Cla 156,289 39,149 12 2,297,201 592120 306,168
Standard C 435,831 156,289 12 2297201 537,164 742,000
Office First Class 101,332 435,831 12 2,297,201 130,423 843,332
Supplies Same Day 29090 101,332 12 2297201 189,773 872423
Second Cla 160,683 29.090 12 2,297,201 588,624 1,033,106
Standard C 427 941 160,683 12 2,297,201 567,307 1,461,047
Technology First Class 139,366 427941 12 2,297,201 199,489 1,600,412
Same Day 60,124 139,366 12 2297201 202345 1,660,536
Second Cla 142,222 60,124 12 2,297,201 636,665 1802758
Standard C 494 443 142222 12 2.297.201 494443 2.297.201

Figure 5.1: Table calculation

6. The table in Figure 5.1 shows you that the Size function and the Window Sum
function are the only two non-directional functions. All others present a
number depending on the direction. For example, Lookup moves down and
prints the value prior to the actual field. You can change the direction by
clicking on the triangle of any table calculation field and selecting Edit Table

Calculation.

In answer to the question what is the function, we have considered a taxonomy

composed of two categories: directional and non-directional. Now, we will move
on to considering the table calculation functions individually. Regretfully, space
does not allow us to explore all table calculations; however, to gain a working

understanding, it should suffice to consider all but one of the unique groups of

options. The four table calculations that begin with Script_ will be covered in
Chapter 15, Programming Tool Integration.

Although some effort has been made to make the following exercises useful for real-
world scenarios, each is focused on demonstrating table calculation functionality
while considering how each interacts directionally or non-directionally with the

dataset in cache (also known as the partition).
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Exploring each unique table calculation
function

The following exercises will show us each table calculation individually, based on an
example.

Lookup and Total

The objectives of the following worksheet are to display those customers who made
purchases in the last 2 days of 2013, and the associated absolute as well as relative
sales of the month of December.

In the following table, LOOKUP behaves directionally whereas TOTAL is non-directional.
This behavior is easy to notice in the results. Follow these steps in order to do so:

1.

In the workbook associated with this chapter, navigate to the Lookup/Total

worksheet.

Drag Customer Name and Order Date to the Rows shelf. Set Order Date
to Month/Day/Year discrete by right-clicking and selecting Day as well as

Discrete.

Place Order Date on the Filters shelf, choose to view only December 2013,
and select Month/Year as the date format.

Create the following calculated fields:

Name

Calculation

Lookup Intervening Time

DATEDIFF('day', LOOKUP(Max([Order
Date]),0), MAKEDATE(2013,12,31))

% Total Sales

SUM(Sales)/TOTAL(SUM([Sales]))

Right-click on % Total Sales and select Default Properties | Number format
to set the number format to percentage with two decimal places.

Place Lookup Intervening Time on the Filters shelf and choose a range from

Oto1.

Double-click on Sales and % Total Sales to place both fields on the view.
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8. Format as desired:

Filters ii Columns
= Rows
Marks
Customer Day of % Total
Name Order Date  Sales al.. Sales
Brian Dahl.. 12/31/13 0.18% $171 Automatic Y
Bryan Mills 12/31/13 0.02% $20
Measure Values ch Jacks.. 12/31/13 0.02% $17 e & @
Carlos Daly 12/30/13 0.16% $153 Color | Size Text
Evan Henry 12/31/13 0.07% $72 -
Frank Olse.. 12/30/13 0.04% $42 gue -
Julie Pres.. 12/31/13 0.50% $488 Detail | Tooltip
Keith Daw.. 12/31/13 0.01% $7
Kelly Andr.. 12/30/13 0.19% $186 EY Measure Values
Ken Lonsd.. 12/30/13 0.03% $28
Marc Harri.. 12/30/13 0.06% $63
Michael Pa.. 12/30/13 0.04% $41
Phillip Flat.. 12/30/13 0.01% $11
Troy Black.. 12/30/13 0.78% $754

Figure 5.2: Total Sales

Let's consider how the preceding worksheet functions:

The filter on Order Date ensures that the dataset returned to Tableau only
includes data from the month of December 2013.

The % Total Sales SUM(Sales)/TOTAL(SUM([Sales])) includes the
TOTAL(SUM([Sales])) calculated field, which returns the total sales for the entire
dataset. Dividing SUM([Sales]) by this total returns the percentage of the total.

Lookup Intervening Time: DATEDIFF('day', LOOKUP(Max([Order Date]),0),
MAKEDATE (2013,12,31)) will return an integer that reflects the difference
between the date returned by the LOOKUP function and 12/31/2013. Note that
the LOOKUP function has an offset of zero. This results in each row returning
the date associated with that row. This differs from directional and non-
directional table calculations, which include a LOOKUP function with an offset
of -1, which caused each row in the view to return data associated with the
previous row.

At first glance, you might think that you could simplify this workbook by removing
Lookup Intervening Time from the Filters shelf and adjusting the filter on [Order
Date] to display only the last two days of December. However, if you do this, %
Total Sales will add up to 100% across all rows in the view, which would not satisfy
the workbook's objectives. Think of Lookup Intervening Time as not filtering but

hiding all but the last two days in December. This hiding ensures that the data
necessary to calculate % Total Sales is in the dataset in cache/partition.
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Previous Value

The objectives of the following worksheet are to return the aggregate value of sales
for each year and set next year's sales goal. Note that two options have been provided
for determining next year's sales goal in order to demonstrate how PREVIOUS_VALUE
differs from LOOKUP. Also note that PREVIOUS_VALUE behaves directionally.

Let us have a look at the steps:

1.

In the workbook associated with this chapter, navigate to the Previous Value
worksheet.

Create the following calculated fields:

Name Calculation
Next Year Goal Prv_Val PREVIOUS_VALUE(SUM([Sales])) * 1.@5
Next Year Goal Lkup LOOKUP(SUM([Sales]),9) * 1.05

Place Order Date on the Rows shelf.
Double-click Sales and Next Year Goal Prv_Val to place each on the view.

Format as desired, or as seen in the following screenshot (by dragging the
piles in Measure Values, the order will change accordingly in the view as
seen in the following screenshot):

Marks il Columns
Automatic v = Rows @ YEAR(Order Date)

L 1]
‘ 8 Year of Next Year Next Year Filters
Color | | Size Text Order Date Sales Goal Prv_Val Goal Lkup TR B
. 2011 $484,247 $508,460 $508,460 =
000 . 2012 $470,533 $533,883 $494,059
Detail  Tooltip 2013 $608,474 $560,577 $638,898
2014 $733,947 $588,606 $770,644 = Measure Values

@ SUM(Sales)

Next Year Goal Pr.. &
Next Year Goal Lk.. &

Figure 5.3: Next year

Let's consider how the preceding worksheet functions:

Next Year Goal Prv_Val: PREVIOUS_VALUE(SUM([Sales])) *1.05 is applied in
this worksheet, which retrieves the results from each previous row and adds
5%. In other words, the goal is a steady-state growth rate of 5% per year over
all years.
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* Next Year Goal Lkup: LOOKUP(SUM([Sales]),0) * 1.5 is also applied in
this worksheet; this calculation adds 5% to the current year's sales. In other
words, the goal for next year is for sales that are 5% greater than this year.
Previous years are not considered.

To better understand this exercise, consider the values associated with 2014 in the
preceding screenshot. Next Year Goal Prv_Val is calculated via 2013 Next Year
Goal Prv_Val; that is, $560,577 * 1.05. On the other hand, Next Year Goal Lkup is
calculated via the 2014 sales; that is, $733,947 * 1.05.

Running

The objective of the following worksheet is to display the running minimum profit,
running average profit, and running maximum profit compared with SUM(Profit)
for each month in the dataset.

The following example demonstrates how the Running functions behave
directionally:

1. In the workbook associated with this chapter, navigate to the Running
worksheet.

2. Create the following calculated fields:

Name Calculation

Running Min RUNNING_MIN(SUM([Profit]))
Running Max RUNNING_MAX(SUM([Profit]))
Running Avg RUNNING_AVG(SUM([Profit]))

3. Place Order Date on the Columns shelf and set it to Month/Year continuous.
Place Measure Values on the Rows shelf.

4. Remove all instances of measures from the Measure Values shelf except for
Running Min, Running Max, Running Avg, and Profit.

5. Move SUM(Profit) from the Measure Values shelf to the Rows shelf. Right-
click on SUM(Profit) and select Dual Axis.
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Format as desired, or as seen in the following screenshot:

Marks ill Coumns {1 MONTH(Order Dat.
. = fows suniPro)
weee -
Measure Values.
.. IR S A ¢ e " XIS
(oo e
Running Max A
RS v CETIIEETY
" = Measure Names.
v Measur. ~ Prate
B —— Runnre Avg
e J =
v SUM(Pr. fou) Runnrg Mac
Runney Min
o -
= =
3
“w o>
™ >
o o~
!
2] B3
201 e a1y 2014 2018
Wonm of Order Dave.

Figure 5.4: Running

Let's consider how the preceding worksheet functions:

Running Min: RUNNING_MIN(SUM([Profit])) is visible in the preceding
screenshot, which compares the current SUM(Profit) with the least
SUM(Profit) recorded to that point in time. If the current SUM(Profit) is less
than the least SUM(Profit) recorded to date, the current SUM(Profit) replaces
the least SUM(Profit).

Running Max: RUNNING_MAX(SUM([Profit])) operates similarly to Running
Min, except of course it looks for maximum values.

Running Avg: RUNNING_AVG(SUM([Profit])) calculates the average
SUM(Profit) based on every month to the current month.
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Window

The objective of the following worksheet is to display a directional instance of a
WINDOW function and a non-directional instance.

Please follow these steps:

1.

In the workbook associated with this chapter, navigate to the Window
worksheet.

Create the following calculated fields:

Name Calculation
Win Avg Directional WINDOW_AVG(SUM([Profit]),-2,0)
Win Avg Non-Directional WINDOW_AVG(SUM([Profit]))

Place Order Date on the Columns shelf and set it to Month/Year continuous.
Place Measure Values on the Rows shelf.

Remove all instances of measures from the Measure Values shelf except Win
Avg Directional, Win Avg Non-Directional, and Profit.

From the Data pane, drag another instance of Profit to the Rows shelf. Right-
click on the instance of Profit on the Rows shelf and select Quick Table
Calculation | Moving Average. Right-click on the instance of Profit on the
Rows shelf and select Dual Axis.

Right-click on the axis labeled Moving Average of Profit and select
Synchronize Axis.

Format as desired, or as seen in the following screenshot:
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Marks fii Columns, 1 MONTH(Order Dat..
~ = fows SuviPolt)
Multiple -
Measure Names
& o Moving Average of Profit from the pre.
Colour  Sue  Label [ &
% O~ v

Detai  Tootp  Patn

: Measure Values

SUM(Profit)
v Measur..  ~ Win Avg Directional A
v SUM(.. A ]

[ Win AvgNon-Directional A ]

Figure 5.5: Window

Let's consider how the preceding worksheet functions:

*  Win Avg Directional: Window_AVG(SUM([Profit]),-2,0) has a start point
of -2 and an end point of 0, which signifies that Tableau will create a point
based on the average of the SUM([Profit]) calculated on the current month
and the previous two months. Changing the @ to 2 would cause the average
of each point to be calculated on the previous 2 months, the current month,
and the next 2 months. Double-click on the instance of Profit on the Rows
shelf to view the underlying code. (This is the instance of Profit that was
changed into a table calculation by right-clicking and selecting Quick Table
Calculation | Moving Average.) Note that the calculation is identical to the
code created for Win Avg Directional. However, if you right-click on both
pills and select Edit Table Calculation, you will notice that the resulting
dialog boxes differ. The dialog box associated with Profit has more options,
including the ability to change the previous and next values. Changing the
previous and next values for Win Avg Directional requires adjusting the
calculated field.
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*  Win Avg Non-Directional: WINDOW_AVG(SUM([Profit])) is associated with
the horizontal line across the view. Note that it is not dependent on direction.
Instead, it is a single value generated by the average of all aggregated Profit
values in the dataset in cache/ partition and will therefore be the same no
matter the order of the data points.

First and Last

The objective of the following worksheet is to display the first and last instance of
the best-selling item in the Superstore dataset. Notice how the following example
demonstrates that the FIRST and LAST functions behave directionally.

Take the following steps:

1. Inthe workbook associated with this chapter, navigate to the First/Last
worksheet

2. Create the following calculated fields:

Name Calculation

First FIRST()

Last LAST()

First or Last FIRST() = @ OR LAST() = @

3. Place Product Name on the Filters shelf, select the Top tab, and choose Top 1
by Sum of Sales, as shown in the following screenshot:

Filter [Product Name] X

General Wildcard Condition Top

O None
@ By field:
Top ] ES L
»Sales bl :Sum ':

Figure 5.6: Top filter

4. Place First or Last on the Filters shelf and select True in the resulting dialog
box
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® N o U

Drag Product Name, Order Date, and Row ID to the Rows shelf
Set Order Date to Month/Day/Year discrete
Double-click on Sales, First, and Last to place each on the view

Right-click on First, Last, and First or Last and select Compute Using |
Table (down)

Format as desired:

Marks il Columns
Automatc v iE Rows Product Name DAY(OrderDate) I RowiD |
2| & || @D Fiters Product Name First or Last: True A

Color = Size Text

Product Name Day of Order Date Row ID Sales First Last Measure Values
%o Q Canon imageCLASS 05/24/13 6426 $8,400 0 4
Detail Tooltip 2200 Advanced Copier  11/18/14 4191 $10.500 4 0
@

Figure 5.7: First and Last

Let's consider how the preceding worksheet functions:

First: FIRST() starts at 0 and counts down to the last row of the dataset in
cache. In the preceding screenshot, note that the first instance of Canon
imageCLASS occurs on 05/24/13. The fact that FIRST() ranges from 0 to -4
communicates that there are five instances of Canon imageCLASS in the
dataset in cache or within the window cache.

Last: LAST() starts at the last row of the dataset in cache and counts down
to 0. In the preceding screenshot, note that the last instance of Canon
imageCLASS occurs on 11/18/14. The fact that LAST() ranges from 4 to 0
communicates that there are five instances of Canon imageCLASS in the
dataset in cache.

First or Last: FIRST() = @ OR LAST() = @, when placed on the Filters shelf
and set to True, hides all instances of matching rows except the first and last.

The Row ID field is included in the view to make sure that the very first
and last instances of Canon imageCLASS display. Otherwise, if there are
multiple instances of Canon imageCLASS on the first or last date, sales
numbers will reflect multiple values. It's important to set Compute Using to
Table (down) for each table calculation in the view. Compute Using is the
same as Addressing, which will be discussed in detail in the Application of
functions section.
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Index

The objective of the following worksheet is to list those states in the USA with over
50 postal codes represented in the underlying dataset.

Notice how the following example demonstrates that the INDEX function behaves
directionally and can be seen as a count of rows:

1. Inthe workbook associated with this chapter, navigate to the Index

worksheet.

2. Set the Marks card to Circle.
Place State on the Rows shelf and Postal Code on the Detail shelf.

4. Create a calculated field named Index with the code: INDEX(). Drag Index
to the Filters shelf and select the Range of values filter. Choose to view only
values that are 50 or greater by moving the slider to a minimum value of 50.

5. Right-click on Index and select Edit Table Calculation. Select Specific
Dimensions and check Postal Code:

Filters

= Rows [State ]
State Table Calculation
California @

Index
Texas

Compute Using

Table (down)
Cell
Specific Dimensions

State
[v] Postal Code

Automatic Sort

X

Index Filter

50 89

Marks

O Circle v
- & @
Color Size Label

03
ooo

Detail  Tooltip

4 Postal Code

Figure 5.8: Index
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6. Select Analysis | Stack Marks | Off, then review:

Pages ili Columns

Filters State

CEEy v °
Texas @

Marks

QO Circle v

% o @O

Colour Size Label

ogo Q

Detail Tooltip

WM Postal Code

Index Filter

50 89
a D

= Rows CI—

Figure 5.9: Final index

Let's consider how the preceding worksheet functions:

* Index: INDEX() counts from 1 to n. As such, it behaves directionally. In this
case, as a result of the partitioning and addressing settings, Index is counting
postal codes. (Partitioning and addressing will be discussed in detail in the
Application of functions section.) Setting the Index filter to display only values
of 50 or more ensures that only those states with 50 or more postal codes in

the partition/dataset in cache display.
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Rank

The objective of the following worksheet is to display the top three selling items in
each region. This example will demonstrate how RANK interacts directionally with the
dataset in cache:

1. Inthe workbook associated with this chapter, navigate to the Rank

worksheet.
2. Place Product Name on the Filters shelf, select the Top tab, and choose Top 3
by Sum of Sales:
[ ® Filter [Product Name]
General  Wildcard  Condition [isl:l)
None
© By field:
Top < JE 4 by
Sales B Sum s
By formula:
< v by
Reset Apply Cancel S

Figure 5.10: Filter

3. Place Region and Product Name on the Rows shelf and Sales on the
Columns shelf.
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4. Note that only two items display for each region:

iil Cotumns SUM(Sales)
= Rows Chcgon Y Productame 3

Regon

Filters

L rocuctome

Central

East

West

$0 $4.000 $8,000 $12,000 $16 000 $20,000 $24 000 $28,000
Sales

Figure 5.11: Reviewing the top two items

5. Create a calculated field named Rank with the code Rank(SuM(Sales)). Drag
Rank between Region and Product Name on the Rows shelf.

6. Note that before you can place Rank between the two pills on the Rows
shelf, you have to cast it as discrete. One way to accomplish this is by placing
Rank on the Detail shelf, right-clicking on the pill, and selecting Discrete.

Right-click on Rank and select Compute Using | Product Name.
8. Remove Product Name from the Filters shelf.

Press Ctrl (or press Option on Mac), and right-click and drag Rank from the
Rows shelf to the Filters shelf. Pressing the Ctrl key while dragging a pill
from one shelf to another will create a copy of that pill. Failing to press the
Ctrl key will, of course, simply result in moving the pill. In the resulting
dialog box, select 1, 2, and 3.
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10. Format as desired:

Marks iii Columns SUM(Sales)
s+ = (CSEEED CUNETY GETIIT
L
= & @ Region Rank Product Name Rank
Color Size Label Central Canon imageCLA o1
. Q Lexmark MX611d.. | P
o000 Ibico EPK-21 Elec.. | I K
Detail  Tooltip East Canon imageCLA ]

1
2
3
1
2 3D Systems Cube Filters
:: Y 3 Ruverside Palais R [N
South 1 CiscoTelePresen. — ] _
2 HP Designjet T52.. NN

3 GBC DocuBind TL..|

1 CanonimageCLA. — ]

2 High Speed Auto.. |

3 Global Troy Execu..| | I

$0 $10,000 $20,000
Sales

West

Figure 5.12: Rank

Let's consider how the preceding worksheet functions:

Size

If you followed the step-by-step instructions for this exercise, you will have
noticed that after placing Region and Product Name on the Rows shelf and
filtering to show only the top three product names, the resulting visualization
only showed two products in each region. This is because the filter on
Product Name showed the top three products overall, but it so happened
that two out of the three were always present in each region. But we actually
wanted to show the top three per region rather than overall. To fix this issue,
we employed the Rank table calculation function.

Let's understand how this works. Instead of writing the Rank(Sum(Sales))
function, the same code will be automatically generated by right-clicking
on an instance of Sales on any shelf and selecting Quick Table Calculation
| Rank. Note that Rank is counting the product names within each region.
This demonstrates that the Rank table calculation operates directionally on
the dataset in cache/partition.

The objective of the following worksheet is to display all states with five or fewer
cities in the Superstore dataset. This example will demonstrate how SIZE utilizes the
entire partition/dataset in cache and is thus non-directional. We will also use the
FIRST table calculation function, which is directional, in order to clean up the view.
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Please follow along with the steps:

1. Inthe workbook associated with this chapter, navigate to the Size worksheet.
2. Set Analysis | Stack Marks to Off.
3. Create the following calculated fields:

Name Calculation

Size SIZE()

City Count IF FIRST() = © THEN [Size] ELSE NULL

END

4. Drag State to the Rows shelf, City to the Detail shelf, City Count to the

Text/Label shelf, and Size to the Detail shelf.

5. Right-click on the Size filter and select Compute Using | City. Move Size

from the Marks card to the Filters shelf.

6. In the resulting dialog box, select an At most value of 5:

® O Filter [Size)
— L and Q)
Range of values At least | At most Special
At most
S
—D
1
Include Null Values
Reset Apply Cancel [ OK ]

Figure 5.13: At most

7. On the Marks card, right-click on City Count and select Edit Table
Calculation. Under Nested Calculations, select City Count.
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8. Select Compute Using | Specific Dimensions and check City:

= Rows [state 2

e [s)t::te 5 Table Calculation
arks elaware
| n
District of Columbia 1 EilxGonat
Automatic > Kansas 5
Louisiana 5  Nested Calculations
H- & Mai
. 2 City Count
Color Size Text Mississippi 4 el
Montana 5 "
E2
& Q g i Compute Using
Detail  Toolti
P i X Table (down)
New Hampshire 3
City Count A North Dakota 1 Cell
- Rhode Island 4 Specific Dimensions
South Dakota 3
Vermont 1 State
West Virginia 1 City
Wyoming 1
Automatic Sort

Figure 5.14: Specific Dimensions

9. Now use the dropdown under Nested Calculations again and select Size.
Then, select Compute Using | Specific Dimensions and check City.
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10. Observe the final view:

Filters

Marks
Automatic v
o &
Calour Size Text
- 0J

Detail Tooltip

CityCount A
+ CENED

;

i Columns

= Rows

State
Dealaware

District of Columbia
Kansas
Louisiana
Maine
Mississippi
Montana
MNebraska
Nevada

New Hampshire
North Dakota
Rhoda Island
South Dakota
Vermont

West Virginia
Wyoming

Cotae )

e B - TR 7~ T < | B - 4 B - S 3 B & B R 4%

—

Figure 5.15: Final worksheet
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Let's consider how the preceding worksheet functions:

* Size: Size() generates a single number, for example, 3 for Delaware, based
on the partition/dataset in cache. That number can change depending on
the partitioning and addressing settings, but does not change based on
movement across the partition. As such, it behaves non-directionally.

* City Count: The IF FIRST() = @ THEN LOOKUP([Size],@) ELSE NULLEND field
is not strictly necessary. You could, instead, simply place Size on the Text/
Label shelf. However, if you do so, you will note that the numbers in the
view will look bold. This occurs because the numbers are actually repeated
and then layered on top of each other. Utilizing FIRST() = @ causes only one
set of numbers to display.

Perhaps the most difficult thing to grasp about this exercise is the use of partitioning
and addressing. We will discuss partitioning and addressing in the Application

of functions section. Note that the preceding exercise had an option for Nested
Calculations, which is because the Size calculated field was referenced within the
City Count calculated field.

Now that we have presented the different table calculations, we will see how they
can be manipulated in the scope and direction of calculation.

Application of functions

So far, we have covered the first of our two major questions: What is the function?
Now we will proceed to the next question: How is the function applied?

Let's try to understand that question via the following three options, which are all
applications of the INDEX function:

One Application of Another Application... ...and Another
INDEX()

Segment Segment Segment

Home
Office

Home
Office

Home

Office Category Consumer Corporate

Category Consumer Corporate Category Consumer Corporate

Furniture 1 2 3 Furniture 1 1 1 Furniture 1 2 3
—

Office Sup.. 1 2 3 Office Sup.. 2 2 2 Office Sup.. 4 5 6

Technology 1 2 3 Technology 3 3 3 Technology 7 8 9

The INDEX function is used in each of these three screenshots; however, it is applied
differently in each. The first and second screenshots both display 1, 2, and 3, but
differ directionally. The third screenshot ranges from 1 to 9. So, how is INDEX being
applied in each case?
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Answering this question can be confusing because Tableau uses different
terminology. Within Tableau itself, the way a table calculation is applied may be
referred to as running along, moving along, compute using, or partitioning and
addressing. For our purposes, we will utilize the terms partitioning and addressing,
which we will define here according to the Tableau documentation (https://help.
tableau.com/current/pro/desktop/en-us/calculations_tablecalculations.htm):

The dimensions that define how to group the calculation, that is, define the scope

of data it is performed on, are called partitioning fields. The table calculation is
performed separately within each partition. The remaining dimensions, upon which
the table calculation is performed, are called addressing fields, and determine the
direction of the calculation.

This basically means that the partition defines which fields are being used, for
example, Segment. If you have three segments divided over three categories, you
could look at each combination separately, or at all categories within one segment,
or at all segments within one category. The way you look at it is what Tableau calls
addressing.

If a table calculation is utilized in the view, you can right-click on it and select Edit
Table Calculation. Upon doing so, you will see a dialog box that will allow you

to choose specific dimensions. If a dimension is checked, it is addressed. If it is
unchecked, it is partitioned.

See an example in the following figure:

Addressing Partitioning
'‘Category' '‘Category’
Table Calculation X Table Calculation X
Index Index
Compute Using Compute Using
Table (down) Table (down)
Cell Cell
Specific Dimensions Specific Dimensions
[v] Category Category

Figure 5.16: Addressing and partitioning
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Tableau provides many out-of-the-box partitioning and addressing settings,
including Table (down), Table (across), Pane (down), and Cell. We will reference
these options occasionally but will not give a detailed review. This leads us to our
first partitioning and addressing guideline:

Don't use the out-of-the-box partitioning and addressing settings provided by Tableau,
including Table (across) and Pane (down). Force yourself to click Specific Dimensions and
manually define the partitioning and addressing so that you clearly understand how every
table calculation is applied.

There are a couple of caveats to the preceding guideline:

* There's an exception, which is Cell. It is not possible to address individual
cells in a view using partitioning and addressing. Instead, it is necessary to
use Compute Using as Cell or, within the Table Calculation dialog box, to
select Cell. Surprisingly, addressing a table calculation along each cell can be
useful. An example is provided in the workbook associated with this chapter,
on the worksheet Percent of Total. There it is used to show 100% for each cell
divided into two categories.

* If you set partitioning and addressing for a given table calculation and then
add dimensions to the view, usually Tableau will not automatically adjust
the partitioning and addressing settings; they are locked down. However,
when using Table (down), Pane (across), and the like, Tableau will make
automatic adjustments as dimensions are added to the view.

This leads us to our next guideline:

Place all needed dimensions on the desired shelves before setting partitioning and addressing
for table calculations.

Following these guidelines will help ensure that you are always clear about how
your table calculations are being applied.

Building a playground

Let's set up a simple playground environment to quickly and efficiently explore
partitioning and addressing:

1. In the workbook associated with this chapter, navigate to the Playground
worksheet.

2. Place Category on the Rows shelf and the Index calculation on the Label
shelf.
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3. The Index calculation is simply Index(). Click on the drop-down menu
associated with Index and select Edit Table Calculation. In the resulting
dialog box, click Specific Dimensions.

4. Position the screen components optimally. See the following screenshot for

one possible setup:
= Rows Category

RIEE Category
Furniture 1
Office Supplies 2
Technology 3
Marks Table Calculation X
Automatic - Index
®
-
= - Compute Using
Color Size Text
Table (down
030 Q) ( )

Cell
Specific Dimensions

Detail  Tooltip

- EENY

[v] Category

Figure 5.17: Building a playground

You can see in Figure 5.17 that we created a worksheet displaying the three categories
Furniture, Office Supplies, and Technology. By adding the Index field to the Text
shelf we have the minimum requirement to use a table calculation, which is one
dimension, one table calculation. Now we can change the compute used in the

table calculation and can spot what changes in the visualization. Later on, we will
explore more complex examples; however, always start easy and increase the level of
complexity slowly to fully understand what is happening.

In the following pages, we will utilize our playground extensively and modify it

as necessary. However, for the sake of efficiency, we will need to keep the focus of
the playground and the accompanying discussion narrow. The discussion will be
confined to dimensions on the Rows and Columns shelves and the INDEX function on
the Text shelf.
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We could explore different functions on various shelves and the different options
that that affords. For instance, placing a date field on the Pages shelf will cause a
table calculation that uses the TOTAL function to display an option to compute the
total across all pages. Regretfully, exploring every possible nuance is simply not
possible in one chapter but if you are interested in this topic, feel free to check out
the Tableau help page for more content and examples: https://help.tableau.com/
current/pro/desktop/en-us/functions_functions_tablecalculation.htm.

Partitioning and addressing with one

dimension

Let's use our playground to start exploring partitioning and addressing with the

simplest possible example:

Pages

Filters

Ship Mode

Marks M
Automatic v

tH & O

Colour Size Text
ogo Q
Detail Tooltip
Fiiter...
Show Filter

Format...

Discrete
v Continuous

Edit in Shelf

() AT,

iii Columns

= Rows

Category
Furniture

Office Supplies
Technology

V Include in Tooltip

Category

Compute Using @ Table (down)

Edit Table Calculation... Cell

V/ Category

Remove

Figure 5.18: Compute Using | Category
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In this simple example, addressing Category causes each member of the Category
dimension to be counted. This demonstrates that addressing a dimension determines
the direction of the calculation. In our example, we have the Table Calculation
Index, but Index depends on partitioning and addressing as we learned before.
Category serves as a partition in the Rows shelf. We split the data into three:
Furniture, Office Supplies, Technology. Now we also say address Category for the
Table Calculation. We did that by selecting Category from Compute Using (Figure
5.18). Now the Table Calculation will be applied to the categories and hence counts
1, 2, 3 categories.

If you were to select Compute Using | Cell, the partition into three categories
would still remain in the view —you would still see Furniture, Office Supplies,
Technology — but the counting would happen per cell and not for the whole
Category dimension. Hence the Index will count 1, then move to the next cell and
count 1, then the next cell and again count 1:

Pages iii Columns
= Rows

Filters Category

P )
ofeeswter 1

Technology 1

Marks
Automatic v

o &

Coiour Size Text
000 Q
Detail Tooltip

m AT,
Filter...

Show Filter

Format...
V Include in Tooltip

Discrete
+ Continuous

Edit in Shelf

Table (down)
Edit Table Calculation...  Cell

Category

Remove

Figure 5.19: Compute Using | Cell

Now, let's consider partitioning and addressing with not one, but two dimensions.
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Partitioning and addressing with two
dimensions

Two additional options are made available when partitioning and addressing two or
more dimensions: At the level and Restarting every. You can compare this scenario
to the task of counting all countries per continent. In this scenario, At the level will
be countries, since you are not counting streets or trees but countries. Restarting will
be continents. After you are done counting countries for one continent, you start at 1
again for the next continent:

Deepest

/ Category

At the level Deepest - Ship Mode |

Restarting every None v None
\ None

Category

v

Figure 5.20: Two dimensions

Both At the level and Restarting every allow the author to choose dimensions

from a drop-down menu. At the level allows the author to choose what level to
increment at, and as the name suggests, Restarting every allows the author to choose
which dimensions to restart on. The examples here will provide context for your
understanding.

Note that At the level has one additional choice: Deepest. In this case, setting At
the level to Deepest is the same as selecting Ship Mode. This leads us to our next
guideline:

It is not necessary to choose the bottom dimension in the At the level drop-down menu. It is
always identical to Deepest.

To recreate the iterations listed here, you will need to make some changes to the
playground environment. In addition to Category on the Rows shelf and Index on
the Label shelf, also place Ship Mode on the Rows shelf. We will not cover iterations
that include one or more dimensions on the Columns shelf since the behavior of
these possibilities is much the same.

As you consider and/or reproduce the following options, note that the Addressing
order is important. For examples 3-5, Category is first on the addressing list. For
options 6-8, Ship Mode is first on the list.
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In the first example, configure the partitioning and addressing settings thus:

* Partitioning: Category

* Addressing: Ship Mode
¢ Atthelevel: -

* Restarting every: -

This will produce the following visualization:

Category Ship Mode

Furniture First Class
Same Day
Second Class

Standard Class

Office Supplies First Class
Same Day
Second Class

Standard Class

Technology First Class
Same Day

Second Class

A W N R | D WON P PP O NP

Standard Class

Figure 5.21: Example 1
Here, we count the Ship Mode per Category.
In the second example, configure the partitioning and addressing settings thus:
¢ Partitioning: Ship Mode
* Addressing: Category
* Atthelevel: -
* Restarting every: -
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This will produce the following visualization:

Category Ship Mode
Furniture First Class

Same Day
Second Class

Standard Class

Office Supplies First Class
Same Day
Second Class

Standard Class

Technology First Class
Same Day

Second Class

w W W W IN N N NP P P

Standard Class

Figure 5.22: Example 2
In this example, we count the Category per Ship Mode.
In the third example, configure the partitioning and addressing settings thus:
¢ Partitioning; -
* Addressing: Category, Ship Mode

¢ Atthelevel: Deepest
* Restarting every: None
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This will produce the following visualization:

Category Ship Mode

Furniture First Class
Same Day
Second Class

Standard Class

Office Supplies First Class
Same Day
Second Class

Standard Class

O |00 N o »u|ibkb W N

Technology First Class

=Y
o

Same Day

[N
=

Second Class

[N
N

Standard Class

Figure 5.23: Example 3

This time, we count the Category and Ship Mode combination.

In the fourth example, configure the partitioning and addressing settings thus:

Partitioning; -

Addressing: Category, Ship Mode
At the level: Deepest

Restarting every: Category
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This will produce the following visualization:

Category Ship Mode

Furniture First Class
Same Day
Second Class

Standard Class

Office Supplies  First Class
Same Day
Second Class

Standard Class

Technology First Class
Same Day

Second Class

A W N R[S WON P PO N R

Standard Class

Figure 5.24: Example 4

Here, we count the combination Category and Ship Mode and restart counting at
every new Category.

In the fifth example, configure the partitioning and addressing settings thus:
* Partitioning;: -
* Addressing: Category, Ship Mode

¢ Atthelevel: Category
* Restarting every: None
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This will produce the following visualization:

Category Ship Mode

Furniture First Class
Same Day
Second Class

Standard Class

Office Supplies First Class
Same Day
Second Class

Standard Class

Technology First Class
Same Day
Second Class

Standard Class

w W W IN NN NP PR

w

Figure 5.25: Example 5

We count the combination Category and Ship Mode that appears at the Category
level. Since the Category level is higher in the hierarchy than Ship Mode, we end up
counting only one value per Category.

In the sixth example, configure the partitioning and addressing settings thus:

Partitioning; -

Addressing: Ship Mode, Category
At the level: Deepest

Restarting every: None
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This will produce the following visualization:

Category Ship Mode

Furniture First Class 1
Same Day 4
Second Class 7/
Standard Class 10

Office Supplies First Class 2
Same Day 5
Second Class 8
Standard Class 11

Technology First Class 3
Same Day 6
Second Class 9
Standard Class 12

Figure 5.26: Example 6

We count the combination Ship Mode and Category at the Ship Mode level; hence
we count First Class and all the Category combinations with it before Same Day and
its combinations with Category.

In the seventh example, configure the partitioning and addressing settings thus:
* Partitioning;: -
* Addressing: Ship Mode, Category
¢ Atthelevel: Deepest
* Restarting every: Ship Mode
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This will produce the following visualization:

Category Ship Mode

Furniture First Class
Same Day
Second Class

Standard Class

Office Supplies First Class
Same Day
Second Class

Standard Class

Technology First Class
Same Day

Second Class

W W W WIN N N NP PR =

Standard Class

Figure 5.27: Example 7

We count the Ship Mode and Category combinations at the deepest level but we
restart at every Ship Mode, therefore we count First Class and Furniture, First Class
and Office Supplies, then First Class and Technology. Then we move on to Same
Day and its combinations, restarting at 1 again.

In the eighth example, configure the partitioning and addressing settings thus:
* Partitioning: -
* Addressing: Ship Mode, Category

¢ Atthelevel: Ship Mode
* Restarting every: None
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This will produce the following visualization:

Category Ship Mode

Furniture First Class
Same Day
Second Class

Standard Class

Office Supplies First Class
Same Day
Second Class

Standard Class

Technology First Class
Same Day

Second Class

A W N P[P, WODN R | O DN

Standard Class

Figure 5.28: Example 8
We count the Ship Mode and Category combinations at the Ship Mode level.

Now, let's consider some of the possibilities presented here in more detail. Some of
the options are identical. In fact, out of the nine options, only four are unique. Let's
consider examples 1, 4, and 8, each of which have identical end results. Does this
mean that each is truly identical? Options 1 and 4 are identical. Option 8, however,
is slightly different. To understand this, note the description within the table
calculation dialog box for option 8:
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Automatic v
°e &
Caolour Size Text

L
o000

Detail Tooltip

Bl index -

Index

Marks -

Office
Supplies

Technology

Second Class
Standard Class
First Class
Same Day
Second Class
Standard Class
First Class
Same Day
Second Class
Standard Class

Results are computed along Ship Mode, Category.

W N A R W N 2 B

The description in example 8 reads Results are computed along Ship Mode,

Figure 5.29: Index

Category (Figure 5.29). The text in the description box for example 1 is identical to
that for example 4: Results are computed along Ship Mode for Category, which can
be translated as partitioning Category and addressing Ship Mode. This translation
is identical to the actual partitioning/addressing setup accomplished in example 1.
Therefore, examples 1 and 4 are identical. But does the slight difference to example 8
mean there are practical differences? No!

[223]



Table Calculations

Example 6 may seem confusing at first. Why has the odd numbering sequence
occurred? Because the order in which the dimensions are addressed differs from

the order of dimensions on the Rows shelf. The addressing order is Ship Mode,
Category. The order on the Rows shelf is Category, Ship Mode. Simply reversing
the position of Category and Ship Mode on the Rows shelf and noting the change in
the number sequence should help dispel any confusion:

= Rows
Ship Mode Category
First Class Furniture
Office Supplies
Technology 3
Same Day Furniture 4
Office Supplies 5
Technology 6
Second Furniture 7
Class Office Supplies 8
Technology 9
Standard Furniture 10
Class Office Supplies 11
Technology 12

Figure 5.30: Switch dimensions

Is there any practical use for example 6? Yes. From time to time, it may be necessary
to address dimensions in a different order than they are listed on a shelf. But this is
not usually the case. This leads us to our next guideline:

When addressing multiple dimensions for a table calculation, the order of addressing will
usually reflect the order of dimensions on the Rows and/or Columns shelves.

Partitioning and addressing with three

dimensions

Let's add another dimension to our playground and reorder things slightly. Place
Category and Region on the Rows shelf and Ship Mode on the Columns shelf. Index
should remain on the Label shelf. Also add two filters. Filter Region to East, South,
and West. Filter Ship Mode to First Class, Second Class, and Standard Class.
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When partitioning and addressing three dimensions, the number of possible
iterations jumps to 57; however, only 14 of these are unique. Here is a listing of those
unique possibilities.

In the first example, configure the partitioning and addressing settings thus:

Partitioning: Category, Region
Addressing: Ship Mode

At the level: -

Restarting every: -

This will produce the following visualization:

Category Region First Class

Ship Mode

Second Class

Standard Class

Furniture East

South
West

Office Supplies East

South
West

Technology East

South

R R R (R R R|R R R

West

N N NN N NN NN

w W W w w ww w w

Figure 5.31: Example 1

Here we count the different Ship Modes per Category and Region combinations.

In the second example, configure the partitioning and addressing settings thus:

Partitioning: Category, Ship Mode
Addressing: Region

At the level: -

Restarting every: -
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This will produce the following visualization:

Ship Mode
Category Region First Class Second Class Standard Class
Furniture East 1 1 1
South 2 2 2
West 3 3 3
Office Supplies East 1 1 1
South 2 2 2
West 3 3 3
Technology East 1 1 1
South 2 2 2
West 3 3 3

Figure 5.32: Example 2
Here we count the different Regions per Category and Ship Mode combinations.
In the third example, configure the partitioning and addressing settings thus:
* Partitioning: Category
* Addressing: Region, Ship Mode

¢ Atthelevel: -
* Restarting every: -
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This will produce the following visualization:

Category Region First Class

Ship Mode
Second Class

Standard Class

Furniture East

South
West

Office Supplies East

South
West

Technology East

South

W W W IN N N|FP P

West

W W W (N N NP, P

W W W (N N NP, P

Figure 5.33: Example 3

Here we count the different Categories per Region and Ship Mode combinations.

In the fourth example, configure the partitioning and addressing settings thus:

Partitioning: Category
Addressing: Region, Ship Mode
At the level: Deepest

Restarting every: None
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This will produce the following visualization:

Ship Mode
Category Region First Class Second Class Standard Class
Furniture East 1 2 3
South 4 5 6
West 7 8 9
Office Supplies East 1 2 3
South 4 5 6
West 7 8 9
Technology East 1 2 3
South 4 5 6
West 7 8 9

Figure 5.34: Example 4

Here we count the different Categories per Region and Ship Mode combinations at
the deepest level.

In the fifth example, configure the partitioning and addressing settings thus:
* Partitioning: Category
* Addressing: Ship Mode, Region

¢ Atthelevel: Deepest
* Restarting every: None
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This will produce the following visualization:

Ship Mode
Category Region First Class Second Class Standard Class
Furniture East 1 4 7
South 2 5 8
West 3 6 9
Office Supplies East 1 4 7
South 2 5 8
West 3 6 9
Technology East 1 4 7
South 2 5 8
West 3 6 9

Figure 5.35: Example 5

Here we count the different Categories per Ship Mode and Region combinations at
the deepest level.

In the sixth example, configure the partitioning and addressing settings thus:
* Partitioning: Region
* Addressing: Category, Ship Mode

¢ Atthelevel: Deepest
* Restarting every: None
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This will produce the following visualization:

Category Region First Class

Ship Mode
Second Class

Standard Class

Furniture East

South
West

Office Supplies East

South
West

Technology East

South

N N N (DD B[R R R

West

00 00 (Ul »n L1 | N NN

O W OVl O O Ww W Ww

Figure 5.36: Example 6

Here we count the different Regions per Category and Ship Mode combinations at
the deepest level.

In the seventh example, configure the partitioning and addressing settings thus:

Partitioning: Ship Mode
Addressing: Category, Region
At the level: Deepest
Restarting every: None
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This will produce the following visualization:

Category Region First Class

Ship Mode
Second Class

Standard Class

Furniture East

South
West

Office Supplies East

South
West

Technology East

South

© 00 N oo U bW N P

West

O 00 N | »nn W N

O 00 N »nn W N

Figure 5.37: Example 7

Here we count the different Ship Modes per Category and Region combinations at
the deepest level.

In the eighth example, configure the partitioning and addressing settings thus:

Partitioning: Ship Mode
Addressing: Region, Category
At the level: Deepest
Restarting every: None
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This will produce the following visualization:

Ship Mode
Category Region First Class Second Class Standard Class
Furniture East 1 1 1
South 4 4 4
West 7 7 7
Office Supplies East 2 2 2
South 5 5 5
West 8 8 8
Technology East 3 3 3
South 6 6 6
West 9 9 9

Figure 5.38: Example 8

Here we count the different Ship Modes per Region and Category combinations at
the deepest level.

In the ninth example, configure the partitioning and addressing settings thus:
* Partitioning: -
* Addressing: Category, Ship Mode, Region
* Atthelevel: Deepest
* Restarting every: None

[232]



Chapter 5

This will produce the following visualization:

Ship Mode
Category Region First Class Second Class Standard Class
Furniture East 1 4 7
South 2 5 8
West 3 6 9
Office Supplies East 10 13 16
South 11 14 17
West 12 15 18
Technology East 19 22 25
South 20 23 26
West 21 24 27

Figure 5.39: Example 9

Here we count the Category, Ship Mode, and Region combinations at the deepest

level.

In the tenth example, configure the partitioning and addressing settings thus:

Partitioning: -

Addressing: Ship Mode, Category, Region

At the level: Deepest
Restarting every: None
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This will produce the following visualization:

Ship Mode
Category Region First Class Second Class Standard Class
Furniture East 1 10 19
South 2 11 20
West 3 12 21
Office Supplies East 4 13 22
South 5 14 23
West 6 15 24
Technology East 7 16 25
South 8 17 26
West 9 18 27

Figure 5.40: Example 10

Here we count the Ship Mode, Category, and Region combinations at the deepest

level.

In the eleventh example, configure the partitioning and addressing settings thus:

Partitioning: -

Addressing: Ship Mode, Category, Region

At the level: Category
Restarting every: None
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This will produce the following visualization:

Ship Mode
Category Region First Class Second Class Standard Class
Furniture East 4 7
South 1 4 7
West 1 4 7
Office Supplies East 2 5 8
South 2 5 8
West 2 5 8
Technology East 3 6 9
South 3 6 9
West 3 6 9

Figure 5.41: Example 11

Here we count the Ship Mode, Category, and Region combinations at the Category
level.

In the twelfth example, configure the partitioning and addressing settings thus:
* Partitioning: -
* Addressing: Ship Mode, Region, Category

¢ Atthelevel: Deepest
* Restarting every: None
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This will produce the following visualization:

Ship Mode
Category Region First Class Second Class Standard Class
Furniture East 1 10 19
South 4 13 22
West 7 16 25
Office Supplies East 2 11 20
South 5 14 23
West 8 17 26
Technology East 3 12 21
South 6 15 24
West 9 18 27

Figure 5.42: Example 12

Here we count the Ship Mode, Region, and Category combinations at the deepest
level.

In the thirteenth example, configure the partitioning and addressing settings thus:
* Partitioning;: -
* Addressing: Ship Mode, Region, Category

¢ At thelevel: Deepest
* Restarting every: Ship Mode
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This will produce the following visualization:

Ship Mode
Category Region First Class Second Class Standard Class
Furniture East 1 1 1
South 4 4 4
West 7 7 7
Office Supplies East 2 2 2
South 5 5 5
West 8 8 8
Technology East 3 3 3
South 6 6 6
West 9 9 9

Figure 5.43: Example 13

Here we count the Ship Mode, Region, and Category combinations at the deepest
level.

In the fourteenth example, configure the partitioning and addressing settings thus:
* Partitioning;: -
* Addressing: Region, Ship Mode, Category

¢ At thelevel: Deepest
* Restarting every: None
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This will produce the following visualization:

Ship Mode
Category Region First Class Second Class Standard Class
Furniture East 1 4 7
South 10 13 16
West 19 22 25
Office Supplies East 2 5 8
South 11 14 17
West 20 23 26
Technology East 3 6 9
South 12 15 18
West 21 24 27

Figure 5.44: Example 14

We will not address the various instances of these possibilities. Instead, the reader

is encouraged to recreate these 14 possibilities in Tableau in order to solidify their
understanding of partitioning and addressing. Even better, consider recreating all 57
possible iterations and working to understand how Tableau is producing each end
result. The process may be tedious, but the resulting understanding is invaluable,
allowing the user to understand the things that Tableau is doing in the background
when computing.

Summary

In this chapter, we explored the inner workings of table calculations. We began by
considering two questions:

*  What is the function?
* How is the function applied?

As we explored these two questions, we surveyed each unique group of table
calculation functions with the exception of the Script_ functions, which will be
covered in more detail in Chapter 15, Programming Tool Integration. We also learned
how to apply these functions to a view through partitioning and addressing,
where partitioning can be seen as the scope and addressing as the direction of the
calculation.
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We have seen examples where we counted, for example, the scope as Ship Mode,
and the order of counting was Category and Region. Therefore, we would start with
the first Category and Region and set 1 for the Ship Mode. We would then continue
with the next Region in that same Category and count 2 for the next Ship Mode and
so on. The order of how dimensions are being addressed is important and yields
different results.

Using the knowledge we've picked up in this chapter of addressing and partitioning,
in the next chapter, we will explore data densification, cubes, and big data.
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All About Data — Data
Densification, Cubes,
and Big Data

Many data-related questions that Tableau newbies have are not related to data
preparation, joins, unions, data blending, or data structures. Some of those questions
are as follows:

* Ijust created a table calculation and observed that the view displays numbers
that don't exist in the underlying data. Why?

*  We use SAP Business Warehouse (SAP BW) in my organization. What
should I know about how Tableau works with cubes?

* How does Tableau work with big data?
This chapter will continue the data discussion from the previous chapters by

addressing the topics these three preceding questions target, respectively: data
densification, working with cubes, and Tableau and big data.

[241]
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There are a few people who have worked diligently to provide resources

that were very helpful while writing this chapter. Joe Mako has cham