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Introduction

Power Pivot is a revolutionary piece of software that has been around since 2009. Despite its being more
than eight years old at this writing, most people who could benefit from Power Pivot still don’t know it exists.
The good news is that you are not one of those people. If you are reading this, then you already know about
Power Pivot, and chances are good that you already know enough about it to know that you are capable of
supercharging Excel when you learn to write DAX.

Bill Jelen, aka MrExcel, has said, “Power Pivot is the best thing to happen to Excel in 20 years.” | totally agree
with Bill: Power Pivot is simply awesome. Power Pivot brings everything that is good about enterprise-strength
business intelligence (BI) tools directly to you right inside Excel—and without the negative time and cost
impacts you would normally expect from big-scale Bl projects. In addition, it is not just the time and money
that matter. The fact that you can do everything yourself with Power Pivot is very empowering. Analyses that
you would never have considered viable in the past are now “can do” tasks within the current business cycle.

When you learn to write DAX, you will unleash enormous power, and you can use that power to supercharge
your workbooks, skills, and career as never before.

Supercharge Power BI

Supercharge Excel: When You Learn to Write DAX for Power Pivot has been written specifically to teach Pow-
er Pivot and DAX using Power Pivot for Excel. | have written a sister book, Supercharge Power Bl: Power Bl
Is Better When You Learn to Write DAX. These two books cover the same basic content but with a different
user interface. Because the skills you will learn in this book are fully transferable to Power Bl and vice versa,
you really need only one of these books to secure the required skills. However, if you want to learn about
the differences in the Ul and practice what you have learnt, then reading Supercharge Power Bl will certainly
help you cement your learning across the different Uls.

Why You Need This Book

I am a full-time Power Pivot and Power Bl consultant, trainer, and Bl practitioner. | have taught many Excel
users how to use Power Pivot and Power BI at live training classes, in online training classes, and on various
Power Pivot/Power Bl forums. This teaching experience has given me great insight into how Excel users learn
Power Pivot and what resources they need to succeed. Power Pivot is very learnable, but it is very different
to Excel; you definitely need some structured learning if you want to be good at using this tool. | have learnt
that Excel users need practice, practice, practice. The book you’re reading right now, Supercharge Excel: When
You Learn to Write DAX for Power Pivot, is designed to give you practice and to teach you how to write DAX.
If you can’t write DAX, you will never be good at Power Pivot or Power BI.

| refer above to Excel users, and that is quite deliberate. | have observed that Excel professionals learn the DAX
language (DAX stands for Data Analysis Expressions) differently than do IT/SQL Server professionals. IT/SQL
Server professionals are simply not the same as Excel business users. SQL Server professionals have a solid
knowledge of database design and principles, table relationships, how to efficiently aggregate data, etc. And,
of course, there are some Excel users who also have knowledge about those things. But | believe IT/SQL Server
professionals can take a much more technical path to learning DAX than most Excel users because they have
the technical grounding to build upon. Excel users need a different approach, and this book is written with
them in mind. That is not to say that an IT/SQL Server professional would not get any value from this book/
approach; it really depends on your learning style. But suffice it to say that if you are an Excel professional
who is trying to learn Power Pivot and DAX, this book was written with your specific needs in mind.

Incremental Learning

| am an Excel user from way back—a long way back actually. I'm not the kind of guy who can sit down and
read a novel, but | love to buy Excel reference books and read them cover to cover. And | have learnt a lot
about Excel over the years by using this approach. When | find some new concept that | love and want to
try, most of the time | just remember it. But sometimes | add a sticky note to the page so | can | find it again
in the future when | need it. In a way, | am incrementally learning a small number of new skills on top of the
large base of skills | already have. When you incrementally learn like this, it is relatively easy to remember
the detail of the new thing you just learnt.
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It’s a bit like when a new employee starts work at a company. Existing employees only have to learn the name
of that one new person. But the new employee has to learn the name of every person in the entire company.
It is relatively easy for the existing employees to remember one new name, but it’s a lot harder for the new
person to start from scratch and learn all the names. Similarly, when you’re an experienced Excel user reading
a regular Excel book, you already know a lot and need to learn only a few things that are new—and those
new bits are likely to be gold. It is easy to remember those few new things because often they strike a chord
with you. Even if you don’t remember the details, the next time you face a similar problem, you’ll remember
that you read something about it once, and you'll be able to go find your book to look it up.

Well, unfortunately for seasoned Excel users, Power Pivot is a completely different piece of software from
Excel, even though it is bundled with Excel. Power Pivot shares some things in common with Excel (such as
some common formulas), but many of the really useful concepts are very different and completely new. They
are not super-difficult to learn, but indeed you will need to learn from scratch, just as that new employee
has to learn everyone’s name. Once you get a critical mass of new Power Pivot knowledge in your head, you
will be off and running. At that point, you will be able to incrementally learn all you want, but until then, you
need to read, learn, and, most importantly, practice, practice, practice.

Passive vs. Active Learning

| think about learning as being either passive or active. An example of passive learning is lying in bed, reading
your Power Pivot book, nodding your head to indicate that you understand what is being covered. When you
learn something completely new, you simply can’t take this approach. | read a lot of Power Pivot books early
in my discovery, but the first time | sat in front of my computer and wanted to write some DAX, | was totally
lost. What | really needed to do was change from a passive learning approach to an active approach, where
| was participating in the learning process rather than being a spectator.

Passive learning on its own is more suited to incrementally adding knowledge to a solid base. Passive learning
is not a good approach when you are starting something completely new from scratch. I’'m not saying that
passive learning is bad. It is useful to do some passive learning in addition to active learning, but you shouldn’t
try to learn a completely new skill from scratch using only passive learning.

How to Get Value from This Book

There are more than 40 “Here’s How” worked-through examples and more than 70 individual practice exer-
cises in this book. That gives you more than 110 opportunities to practice and learn more. Make the most of
these opportunities to develop your skills; after all, that is why you purchased this book.

If you think you can get value from this book by reading it and not doing the practice exercises, let me tell
you: You can’t. If you already know how to complete a task, and you have done it before, then just reading
is fine. However, if you don’t know how to do a task or an exercise, then you should practice in front of your
computer. First try to do an exercise without looking at the answers. If you can’t work it out, then reread the
worked-through examples (labelled “Here’s How”) and then try to do the exercise again. Practice, practice,
practice until you have the knowledge committed to memory and can do it without looking.

Don’t Treat This Like a Library Book

When we were kids going to school, most of us were taught that you should not write in library books. And |
guess that is fair enough. Other people will use a library book after you are finished, and they probably don’t
want to read all your scribbles. Unfortunately, the message that many of us took away was “Don’t write in
any book ever.” | think it is a mistake to think that you can’t write in your own books. You bought it, you own
it, so why can’t you write in it? In fact, | would go one step further and say you should write in the reference
books you own. You bought them for a reason: to learn. If you are reading this book and want to make some
notes to yourself for future reference, then you should definitely do that.

But | guess | am forgetting the eBook revolution. | know you can’t write in an eBook, but | know you can
highlight passages of text in a Kindle, and | assume you can do something similar with other eBook formats.
You can also type in your own notes and attach them to passages of text in many eBooks. There are lots of
advantages to eBooks, and the one that means the most to me is the fact that | can have a new book in front
of me just moments after | have decided to buy it.
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Personally, | find that eBooks are not a great fit as reference books. | prefer to have a tactile object so | can flip
through the pages, add sticky notes, and so on. But that is just me, and we are all different. | am sure there
are plenty of people in both camps. On the upside, eBooks are usually in colour, and printed books (like this
one) are more often in black and white. Whichever camp you are in—eBook or physical book—I encourage
you to write in this book and/or make notes to yourself using the eBook tools at your disposal. Doing so will
make this book a more useful, personalised tool well into the future.

Refreshing Your Pivot Table Skills

This is not a book about how to use pivot tables. Pivot tables have been around for more than 20 years and
are some of the best summarisation and visualisation tools available for large data sets. This book assumes
that you already know how to use a pivot table and are reasonably competent in doing so. The assumed
skills include:

e How to create a pivot table from a standard Excel list
e How to add data to rows, columns, and filters for a pivot table

If you don’t know how to do these things well, | suggest you brush up on your skills now before you move
forward. There are lots of really good tutorial videos available on YouTube.

Setting Up a Pivot Table

One important concept that is repeated throughout this book is that | recommend you always set up a pivot
table before you create your DAX formulas. This is especially important for Excel users as it provides context
for the formulas you will write (more on this later).

You use five areas of the PivotTable Fields list to create or update a pivot table: Filters (see #1 in the figure
below), Columns (#2), Rows (#3), Values (#4), and Slicers (#5). Say that the instructions in this book tell you to
set up a pivot table with Products [Category] on Rows, Customers [Gender] on Columns, 'Calen-
dar' [CalendarYear] on Filters, Customers [Occupation] onSlicers, and a measure such as [Total
Sales] on Values. In that case, you should use the PivotTable Fields list (shown on the right in the figure
below) to build the pivot table (shown on the left below) as instructed. If you are not clear on how to do this,
then you should definitely brush up on building pivot tables before proceeding.

Note: Calendar is a reserved word in Power Pivot. Therefore, if you use the word Calendar as a
table name, it must be enclosed in single quotes to differentiate between the reserved word and
the name of the table (e.g., 'Calendar' [CalendarYear]). The same is true for other keywords,
such as 'Date"' and '"Month'.

B
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Clencal Atcessaries SMUSET 5151193 SA00,760 ¥ fines (@)
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Note: There are a few ways to add a slicer to a pivot table. In the PivotTable Fields list (on the right
in the image above), you can right-click on any column in any table and then select Add as Slicer
(see #5 above). You can also navigate to the Excel Insert tab and click the Slicer button there. Just
make sure you first select the pivot table before trying to insert a slicer.

Exercise Data

It is surprisingly difficult to create your own database of meaningful data to use for data analysis practice.
Think about the data that exists in a commercial retail business, for example; it may include customer data,
finance data, sales data, products, territories, etc. And it is not a simple task to create a meaningful quantity
of realistic data from scratch; it is a lot of work. Microsoft has created a number of sample databases that
anyone can download and use for free. | use a modified version of the Microsoft AdventureWorks database
throughout this book, provided to you in Microsoft Access format. You can download a copy of it by going
to http://xbi.com.au/learndax. (Note that you do not need to have Microsoft Access installed to use this
database.) This is the same sample database | use in my live training classes.

AdventureWorks contains sample data for a fictitious retail bicycle company that sells bikes and accessories
in multiple countries. The data consists of the customers, products, and territories for the AdventureWorks
business, along with five years of transactional sales history. The examples | use in this book therefore focus
on reporting and analysis that would apply to a retail business, including such things as sales results, profit
margins, customer activity, and product performance.

Clearly, not everyone who wants to learn to write DAX will operate in a retail environment. However, the retail
concepts covered in this book should be familiar to everyone. So it doesn’t matter if your specific Bl needs
are for something other than retail. The scenarios in this book are explained throughout, and you don’t need
to be a retail expert to complete or understand the exercises.

Getting Help Along the Way

Hopefully you will be able to complete the practice exercises in this book on your own. But sometimes you
might need to ask someone a question before you can move forward. | encourage you to become a member
of http://powerpivotforum.com.au and participate as someone who asks questions and also as someone
who helps others when they get stuck. Answering questions for other people is a great way to cement your
learning and build depth of knowledge. You will notice from the URL that this is an Aussie forum, but it is open
to everyone. At this writing, only 15% of all traffic at the forum is from Australia, with the balance coming
from more than 130 other countries around the world. | suggest that you sign up and get involved; your DAX
will be better for it.

You can find a subforum dedicated to this book at http://xbi.com.au/Idf. In the unfortunate event that there
are errors in this book, details of the errors will be posted at this subforum.

How This Book Is Organised
I've organised this book to make sense to a new Excel user. The general structure of the chapters is as follows:

e Each chapter title begins with either “DAX Topic” or “Concept.” The former type covers one or more
specific DAX formulas, including the syntax and usage; the latter type covers one or more principles
that you need to understand in order to be competent with Power Pivot. I've ordered the chapters
so that you can learn incrementally.

e Each “Concept” chapter starts with a description of the concept, and each “DAX Topic” chapter starts
with some information about the DAX language to help you understand the topic.

e Almost every chapter provides at least one worked-through example. When you see “Here’s How,”
you know you’re reading one of those, and it’s time to sit in front of your computer and follow along
with me as | explain the concept.

¢ Almost every chapter includes a number of practice exercises that help you practice what you have
learnt. You will find guidelines to complete the exercises, and you can also find the answers in Ap-
pendix A, at the end of the book. | recommend that you complete the exercises first and only then
look at the answers to check that you got the correct results. This way you can cement the learning
you are getting from this book.


http://xbi.com.au/learndax
http://powerpivotforum.com.au/
http://xbi.com.au/ldf
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e DAXis a lot like Excel in that there is often more than one way to do something. If you do an exercise
differently than | show how to do it, as long as you get the correct/same answer, all is good.

Naming Conventions
This book uses best-practice naming conventions for Power Pivot and Power BI:

e There are no spaces in table names, like this:

TableName
e Columns in tables always include the table name followed by the column name in square brackets,

like this:

TableName [ColumnName ]
e Measures never include a table name, they often include spaces, and they are wrapped in square

brackets, like this:

[MeasureName]
e Measure and column formulas are written with the name (without the square brackets) followed by

the formula, like this:
Total Sales = SUM(Sales[ExtendedAmount])

Note: Another convention may be used in Power Pivot for Excel when writing a formula in the
Power Pivot window. It involves using a : (colon) immediately before the = (equals sign). | don’t
use that convention in this book, but if you see a formula in the Power Pivot window, you will see

the extra colon.
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1: Concept: Introduction to Data Modelling

The data modelling engine that is used inside Power Pivot for Excel is the same one used in Power Bl. Data
modelling is not a term that is often familiar to business users as it is normally the domain of IT Bl profession-
als. But this is no longer the case, thanks to the introduction of Power Pivot for Excel and Power BI.

What Is Data Modelling?

Data modelling is the process of taking data from various sources; loading, structuring, and relating data log-
ically to other data; and enhancing, embellishing, and generally preparing the data for use. The objective is
to be able to use the data without having to write a custom query every time you want to look at a different
subset of data.

The data modelling process includes:

e Determining the optimal structure and shape of the source data to analyse, including whether to
bring in all the data, full data, or summary data.

¢ Loading the data from the source into the data model (Power Pivot for Excel in this case).

¢ Defining the logical relationships between the various tables (which is similar to what you do with
VLOOKUP () in Excel, except the data stays in the source table in Power Pivot).

e Defining data types (e.g., specifying whether a column of data is numeric or a column of currency
values or a column of text fields).

e Creating new insights from the source data so that you can analyse concepts that don’t exist natively
in the source data but that can be calculated or created inside the data model. For example, if you
have a table of transactional data with cost price and sell price, you can extend the data model to
include calculations for margin, margin percentage, etc., even though these concepts are not explicitly
in the source data. Once you have modelled these new facts in the data model, they can be reused
over and over by people using your workbook.

e Giving meaningful names to your new business insights (i.e., to your measures).

When you learn the DAX language and join your tables of data in Power Pivot for Excel, you are actually
learning data modelling. The term data modelling can be a little bit scary, but there is no reason to be con-
cerned. By the time you have finished this book, you will be well on your way to being an accomplished data
modeller using Power Pivot. Just use the techniques covered in this book and keep in mind that what you
are actually doing is learning to be a data modeller. Having said that, however, | should also point out that
there is a big difference between being able to do it and being an expert. Becoming an expert takes years of
practice, experience, and lifelong learning.

Pivot Tables vs. Power Pivot

Some people wonder what the difference is between Power Pivot and pivot tables, so I’'m going to start by
explaining. Read on, and you’ll have it sorted out in no time.

What Is a Pivot Table?

A pivot table is a summarisation and visualisation tool. The job of a pivot table is to connect to a data source
and create on-the-fly totals and subtotals to help you and others make sense of data. The larger the set of data
and the more granular the data, the more useful a pivot table becomes. Because pivot tables are embedded
right inside Excel, with them you get all the other benefits of Excel as well.

Data Sources for Pivot Tables

Historically, there have been two main types of data sources that you can connect to with a pivot table: flat
tables and data cubes.
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Connecting to a Single Flat Table

To connect to a single flat table inside Excel, click in the table, select Insert, PivotTable, and off you go. There
are some limitations with this approach, however:

e Itis very common to have to do a lot of VLOOKUP () s (or similar operations) to be able to join data
from different data sources into a single flat table.

e Excel has a 1 million row limit. In fact, though, if you are using lots of VLOOKUP () s in a single flat
table, you will reach performance limits well before you ever hit 1 million rows.

These two issues have historically prevented Excel from being a scalable Bl tool. But Power Pivot changes
that, as you’ll see in a few moments.

Connecting to a Data Cube

A less common but very powerful use of pivot tables is to connect directly to a reporting cube such as a SQL
Server Analysis Services multidimensional cube directly from Excel. Many large enterprises have multidimen-
sional data cubes available for reporting. Allowing Excel users to connect directly to a cube and use a pivot
table for reporting is super easy and convenient. But this is a relatively rare use case compared to the general
use of Excel and the more common single-table use of pivot tables.

Enter Power Pivot

Power Pivot doesn’t change anything about pivot tables, but it changes everything when it comes to the
data that pivot tables connect to. Power Pivot adds a third (and, in my view, the best) method of connecting
to source data. Excel has limited ability to manage large sets of data for reporting purposes, whereas Power
Pivot has no theoretical database size limit.

Power Pivot is a data modelling tool that allows you to prepare your data in a way that pivot tables can use.
Data modelling is the process of preparing data so it can be used in reporting tools (such as a pivot table)
without the need to write new database queries every time.

Power Pivot is a Microsoft SQL Server Analysis Services tabular database that is bundled with Microsoft Excel
via a COM add-in. Excel manages Power Pivot databases, so the experience is seamless and transparent to
the end user. You can use a user interface in Excel to build Power Pivot databases directly inside Excel.

Power Pivot allows you to:
Import data from many different data sources.

Logically join separate tables of data together so the data works together without the need for VLOOKUP ()
formulas.

Enhance the underlying raw data so that you can create new derived concepts (measures) from that data.
For example, if the source data has sell price and cost price, it is possible to create the measures Margin $
and Margin % and make them available for use in reports.

Assign appropriate business names to the measures.
Apply to the data business formatting that will be applied throughout the data model.

Once a Power Pivot data model has been built and configured, the end user can use the data repeatedly to
quickly build multiple pivot table reports inside Excel.
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2: Concept: Loading Data

Before you can start to write DAX and use Power Pivot, you need to load some data. Power Pivot always loads
a complete copy of the source data into the data model as the first step in the process. Once it’s loaded, you
can share your workbooks with others, and there is no need for anyone else to have direct access to your
source data.

When you load data, you have to decide which data to import, including which tables, which columns in each
table, and also what “shape” the data should be when imported. In the following “Here’s How,” you will simply
load data that has been prepared for you. But you need to be aware that the process of deciding which data
to load is an important part of the data modelling process. This decision has been made for you for this book.

Preparing for Data Load

You can download a copy of the sample AdventureWorks database used in this book from http://xbi.com.au/
learndax. You should download the database now, unzip it, and place it in a location that is easy for you to find.

Here’s How: Enabling Power Pivot in Excel

The Power Pivot menu may or may not be visible in your version of Excel. Follow these steps to see if it is
visible and, if not, enable it:
1. Open anew Excel workbook. Look for the Power Pivot tab in the ribbon, shown in the figure below.
If you see it, you don’t need to follow the rest of these steps.

H S c2-x & @ -

“ Hame Insert Page Layout Farmulas Diata Query Renview View Develaper | Pawer Pivat
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¥ " FRThy| T
Lt Calibn 1 =|A & - === '5:'/' =+ Wrap Text General

¢ U - . LA s === &= *= [ Mer . . O &a
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2. Ifyou don’t see the Power Pivot tab, select File, Options, Add-Ins.
3. Scroll to the bottom of the window and select COM Add-ins from the Manage list. Then click Go.
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XML Expansion Packs

Disabled ltems

Manage: | Excel Add-ins b Go...

0]4 Cancel
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4. In the COM Add-ins dialog that appears, check the Microsoft Power Pivot for Excel check box and

then click OK.
COM Add-ins ? =
[] coToMeeting Qutlook COM Addin Cancel
[ Tinquire
I Microsoft Power Fivot for Excel —
| Microsoft Power View for Excel
Remove

Location: file:///C/Program Files/DAX Studio/DaxStudiovstolvstolocal
Load BEehavior: Load at Startup

What if | Can’t Find the Power Pivot Add-in? If you are using Excel 2013 or later and you can’t
see the Power Pivot add-in, then | have some bad news for you: Your version of Excel does not
include Power Pivot, and you will need to purchase a different version of Excel to get it. For more
information about Power Pivot versions, go to http://xbi.com.au/versions.

5. On the PowerPivot tab, click Manage.

Home Imset .'l"-'l-uj-l: 1 myaut Faermisdas Data Cluiery Basrievr Vi ':lr'.-r}c._,‘t-rl Aaldsing

g B B of

Measures KPS fudd to Detect Settings
" Drata Model

[
L
oy

alrulations Tables Felationships

Take a moment to look at the Windows taskbar, shown in the figure below. Hover your mouse over Excel in
the taskbar and notice that there are now two separate windows: the traditional Excel window (see #1 below)
and the Power Pivot window (#2).

X§ Bookl - Eucel ‘l Power Pivot for Excel - Bookl

Hover your mouse

Note: Power Pivot is a separate application that is completely embedded inside Excel. Throughout
this book, | often tell you to switch between Excel and Power Pivot. When | say this, | mean you
should switch between the two windows shown above. If at any time you can’t see the Power
Pivot window because it is not open, you can open it by going to the Power Pivot tab in Excel and
clicking Manage.
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Direct Load to Power Pivot or Power Query?

Power Pivot for Excel has always allowed you to load data directly into the Power Pivot data model from
within the Power Pivot window, as shown below.

Bl = | Power Pivot for Excel - Book1

Home Design Advanced
Paste Append [‘ y | ] E] =D Data Type: ™
Pra ey 'S
& <

Paste Replace — Format: ~

Paste From  From Data From Other  Existing Refresh  PivotTable
Copy Database ™ Service™  Sources Connections o o 7 2
Clipboard Get External Data Formatting

Since Excel 2016, Microsoft has embedded Power Query directly in Excel, under the Data, Get & Transform
Data menu.

_ll]-'l_ B Book1 - Excel

File Home Insert Page layout Formulas Review View Developer Add-ins Power Bl  Power Fivot

i ﬁ. | B From Test/CSV " 2 Recent Sources
2 Fram Web 3 Existing Connections

T1Queries & Connections &) [7 A ; %
Zw |AIT

Get

flata -

Sort Filter e Text to
Al = I & W Advanced | columns

=
o
B
¥
=
T

| From Table/Range

Lol 8L Transiorm Data Cluerisy & Connectiong Sort & Falver

Note: At this writing, there are several software builds of Excel 2016 available, and your version
may look different to the image above. If your Data tab looks different to what is shown here, just
take a few moments to look more closely at it and become clear about where the Power Query
features are located.

This change of name to Get & Transform Data is unfortunate, in my view, and | prefer to use the name Power
Query.

Note: | use the term Power Query in this book, but remember that you launch Power Query from
the Get & Transform Data menu.

With the introduction of Power Query, you have a choice to either load data directly into Power Pivot using
the legacy Power Pivot approach or use Power Query (from the Get & Transform Data menu) instead. There
are a couple reasons to prefer using the newer Power Query approach over the legacy approach:

¢ When you load data using the legacy Power Pivot approach, it is not possible to change a data source.
For example, if you load data into a table in Power Pivot from a spreadsheet and later decide to
source the data from SQL Server instead, it is not possible to simply repoint the table to the new and
different type of data source. Instead, you must first delete the table and then re-import the data
from the beginning. This doesn’t sound so bad at first, but it means that all the relationships need
to be re-created and that any measures stored in the table will be lost—and these are big problems.

e Power Query allows you to easily manipulate data during load in ways that are not possible using the
legacy Power Pivot approach.

Note: As of this writing, loading data using Power Query takes longer than loading the same data
using the legacy Power Pivot approach. It is not so long that it is unworkable, but it can take 15
to 20 seconds longer to load for some reason.

The next “Here’s How” section describes how to load data using the legacy Power Pivot approach. | suggest
you read it and follow along on your machine so you know how. For the rest of this book (and when you start
building your own data models), | recommend that you use the Power Query data load approach, which is
described in a later “Here’s How” section.
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Here's How: Data Load Using Power Pivot

This section describes how to load the following tables from the AdventureWorks Access database using the
legacy Power Pivot data load approach:

e Sales
e Products
e Territories
e Calendar
e (Customers
Follow these steps to load data into a workbook for use in Power Pivot:

1. Inthe Power Pivot window, select Home, From Database (see #1 below), From Access (#2).

& | x [ = | Power Pivot for Excel - Learn to write DAX xlsx

m Home Design Advanced
L Paste Append _L_ D D D Data Type :
I_—LI Paste Replace 9) @ '¢' Format :

Paste From From Data From Other  Existing Refresh  PivotTable
Copy Database ~| Service™  Sources  Connections
Clipboard [ From 50L Server Formatting

pz: From Access g)

|:°' From Analysis Services or PowerPivot

2. Browse to the location of the sample database you downloaded and unzipped earlier in this chapter
and then click Next.

3. Accept the default option in the Table Import Wizard dialog (as shown below) and then click Next.

Table Import Wizard ? =

Choose How to Import the Data
You can either import all of the data from tables or views that you specify, or you can
write a query using SGL that specifies the data to import.

r (@) Select from a list of tables and views to choose the data to import ]

() \wirite a guery that will =pecify the data to import

4. Select the five views at the bottom of the list by placing a check mark in the box next to each one.
(Note the different icons for queries/views and for tables.)
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Table Import Wizard ? et

Select Tables and Views
Select the tables and views that vou want to import data from.

C\lUsers\Matt\LearnToWnite D& Znd
Database: .o celalocke | earn To laita DAY accdb

Tables and Views: Icon indicating a table

Friendly Mame Filter Details L

D -

(]| -rBudget

(1|7 | BudgetPeriod

L] | dimCalendar

[1|E | dimCustomers

(1| | dimProduct

]| | dimProductCategory

===

==

W [ frosao

E ﬁ- Calendar
E ' Customers Customers
E | | Products Products
E ' Sales Sales

b f T emitory Tenitany v
= e

Select these 5 by clicking in Sesiitzasl = | | Preview & Filter

these check hoxes

[ Net> Fsh e

5. Click Finish, and the wizard imports your data.

Table Import Wizard ? by

Importing
The import operation might take several minutes to complete. To stop the impart
operation, click the Stop Impaort button.

o 5 Total: 5 Cancelled: 0
uccess Success: B Error: 0
Details
Waork ttem Status Message

@ Calendar Success. 1,280 rows transfemed.
@ Customers Success. 12,484 rows transfemed.
@ Products Success. 397 rows transfemed.
Q Sales Success. 60,298 rows transfemead.
@ Temitary Success. 11 rows transfemed.
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When you close the Table Import Wizard, you see the five tables you have just imported in the Power Pivot
window. There should be five new tabs, one for each of the tables you just imported. Each of the tables is
a complete copy of the data you imported from the source files (an Access database, in this example). You
don’t need the source files again until you are ready to refresh the data—typically when the data changes at
some time in the future. This is one of the many great things about Power Pivot: You can simply refresh the
data when the data changes, and your workbooks are updated with the new data.

Here's How: Data Load Using Power Query

This section describes how to load the following tables from the AdventureWorks Access database using the
Power Query data load approach:

e Sales
e Products
e Territory
e Calendar
e Customers
Then you will prepare these tables for use in Power Pivot.

Follow these steps to load data into a workbook for use in Power Pivot using Power Query:

1. If necessary, open another new blank Excel workbook.
2. Click Data (see #1 below), Get Data (#2), From Database (#3), From Microsoft Access Database (#4).

[ (%) Book1 - Excel
Fila Home  Insert  Page Layout  Formulas Review View  Developer  Add-ins  Power 81  Power Pivot
6 -_-3';1'ram Teaxct/CSY  Recent Sources __ Cueries & Connections a4y [7 1A Y par ‘F}_
| ) e ) i 4 (A7 i :
1 |_a From Web Existing Connections s Bronor pph E
Gt e Refresh Sort Filter Text to
|From Table/Range 1 Ll il -
Dt = o 9 All - Edlit Lir L Advanced  calumns
I ita Chueries & Connecnions Sort & Filrer
From File ¥
. e
{ From Database Q) From SQL Server Database
[ ’ . I J K
2 From Azure ’ E’i From Microsoft Access Database o‘

_ From Online Services *

From Apalysis Services
3. Browse to the location of the sample database you downloaded and unzipped earlier in this chapter
and then click Import.
4. Click the Select Multiple Items check box (see #1 below) and select the five views at the top of the
list by placing a check mark in the box next to each one (#2).
5. Click Load (#3).
The data loads directly into the Power Pivot data model.

Note: There are different icons for queries/views and for tables. The icons at the top of the list in
the figure below (e.g., next to Calendar and Customers) indicate views/queries, and the icons
at the bottom (e.g., next to Budget and BudgetPeriod) indicate tables.
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p e Territorn

[" Select multiple items rj Tervitory Key Region Country Group

Tf'l".:"lf-‘{-‘yhp.T'{'t".': - o 1 Morthwest Uinited Stales Morth America
| : — = =T 2! harthesst United 53ates Morth America
Fl AdventureWorks_Leam_To_Write DAX aced
3| Centra Lrated Siates Morth America
¥ M Calendar
e : 4 Southwest United States HNorth America
| ¥ i Customers 5 Southeast Umited States North America
9_/ V1 M Prostucts & Canacda Canacla Morth America
v ™= Salec £ France France Ewrope
— : 8 Germany Germany Euierogse
v LM Territory
2 Australia Australia Pacific
| Budget 1 ¢ i
10 United Kirgdom Uniated Kingddm Euroigss
BudgetPeriod 11! MA MA ”m
0 dimCalendar
s
dimCustomers £ >
Select Related Tables ) load | = Edit an

There is also a Load To option, as shown in the image below. If you select this option, you have a number of
choices for loading the data to the data model, to an Excel table, or both. You can do the exercise again if
you want to see how this works.

load |~ Edit Cancel
Load
Load To...

Tip: The sample data in this book has been well prepared for learning how to use Power Pivot.
However, you should not assume that any other source database has the correct table structure
for Power Pivot; in fact, few databases do.

Note: If you click the Edit button instead of Load (as shown in the image above), you launch into
the Power Query Editor, where you can transform the data prior to loading it into Power Pivot.
Power Query is beyond the scope of this book, but | have a comprehensive online training course
specifically designed to teach you how to use this powerful tool. You can learn more about that
training course at http://xbi.com.au/powerquerytraining.

Also notice that the tables at the bottom of the import navigator shown above have names like
dimProduct and fctSales, where dim indicates dimension, and fct indicates fact. It is very
common for database tables to have prefixes like this. Business users can think of a dimension
table as a lookup table and a fact table as a data (or transactions) table. The fact that there are
two different types of tables—lookup tables and data tables—is a very important concept in Power
Pivot, and you will learn a lot more about this as you work through this book.

Itis best practice for Excel users to remove the dimand fct prefixes from the table names before
importing these tables into Power Pivot. These prefixes have meaning to IT folk and help identify
the type of table, but given that these table names will be visible to business users who use your
Power Pivot reports, it is a good idea to remove the prefixes during import.
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After completing the import, you should see the Queries & Connections pane appear, confirming that the
data has been loaded into tables in Power Pivot.

H % - [} I = Bookl - Exesl Matt Allingtan [ E

Fila Home Insert  Pageleyoul Formulss  Dats  Review  View  Developer  Add-ins  Power Bl Power Pivet ) Tell me

A B G D E F G H - . .
1 i QL.IE‘I'IEE} bl CGE"II"#E‘ETIDI“IS = ®
2
3 Queries | Conneclions
4 5 queries
5 -
6 Cawendlar
7 1,280 rows loaded,
-] [E1 Customers
o 18,484 rows loaded
10
[11 2 Products
= 12 397 rows loaded
113 —_— e
| 14 il
| 60,308 rows loaded.
| 15
| 16 EX1 Territony
i 17 o 11 rows loaded;
| Sheet1 %) i .
| Ready B3 T I e

Using Your Data in Power Pivot

Regardless of whether you used Power Query or Power Pivot to load data, you can see the loaded data by
navigating to the Power Pivot window. In Excel, go to the Power Pivot menu and click Manage, or simply find
and select the Power Pivot window in the taskbar (if it is already open). After navigating to the Power Pivot
window, ensure that you are in Data view by selecting Data View on the ribbon in the Power Pivot window
(see #1 below). There is a second view of the data (Diagram view; #2 below) that shows the relationship
between tables. (More on that shortly.)

2| sart Smallest to Largest r\ H > AutaSum -

ok

il Sort Largest to Smallest Create KPI
Clear &l Sort by Find Data |Diagram | Show Calculation
Clear sort Filters Column = View | View Hidden| Area
Sort and Filter Find Calculations g/] @) View

You should now see the five tables you have just imported in the Power Pivot window. There should be five
new tabs, one for each of the tables you just imported. Each of the tables is a complete copy of the data you
imported from the source files (an Access database, in this example). You don’t need the source files again
until you are ready to refresh the data—typically when the data changes at some time in the future. This is
one of the many great things about Power Pivot: You can simply refresh the data when the data changes, and
your workbooks are updated with the new data.

Here’'s How: Renaming Tables and Columns

It is good practice to make any changes to table and column names early. This renaming of tables is part of
the data modelling process. If you loaded data using the legacy Power Pivot data load approach, you can
rename a table directly inside the Power Pivot window by following these steps:

1. Inthe Data view, double-click the Territory tab and rename it Territories for consistency.
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Calendar | Customers | Products | 5ales m

2. If you have loaded data using Power Query, you get the error message shown below when you try
to rename a table.

Power Pivot for Excel

This table was created with Power Quetry. To change this table, use

/ & Power Queryinstead.

3. To rename a table that was loaded with Power Query, you need to go back to the Excel window.
Right-click the Territory table/query in the Queries & Connections pane (see #1 below). Click Re-
name (#2) and give the table the new name Territories.

Queries & Connections ~ X

Queries | Connections

5 queries By Copy
Paste

FA Calendar _
Edit

1,280 rows load %X Delete

FH Customers = Rename
18,484 rows loa Refresh

A Products Load To...
397 rows loadet & Duplicate

] Reference
[ Sales

Merge
60,398 rows loa ::;‘ d

Append

[ Territory Y Send To Data Catalog

:1 1 rows loaded. Export Connection File...

Move To Group v

ARA~cn 11

4. You then see the warning shown below.
Rename Query

Renaming this query will remove and recreate the associated Data
Model table when the query is refreshed. Any customizations or
references you made to the Data Model table will be lost. Are you
sure you want to continue?

Rename Cancel
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5. Go ahead and click Rename. Hopefully you can see why it is good practice to make these changes
early.

Note: The next stage of the data modelling process involves creating the logical relationships
between the tables.

If necessary, switch back to the Power Pivot window.
7. Switch to Diagram view by clicking the Diagram View button on the ribbon.

8. If you can’t see all five tables on the screen, click the Fit to Screen button at the bottom of the win-
dow to reveal the hidden tables.

9. Position the tables so that any data tables (there is only one in this case) are at the bottom of the
screen and the lookup tables are at the top, as shown below.

B = | Power Pivot for Excel - Learn to write DAX.xdsx

. Home Design

Advanced

Paste Append D D D D Data Type : Sort Ato Z H P
T ~
Paste Replace @} '(::' L Format : SortZto A (
From From Data From Other  Existing Refresh  PivotTable = 3.0 .00 Clear All  Sort by Find
Copy Database * Service  Sources Connections - - $-% » TS0 ClearSort  Filters Column
Clipboard Get External Data Formatting Sort and Filter Find Cal

I Calendar

E1 1D

[ Date

1 DayNumberOfWeek
F1 DayName

1 DayNumberOfMonth

7] Customers

T CustomerKey
7] GeographyKey
T Name

T BirthDate

T MaritalStatus

M Products

E] Productkey

[T ProductSubcatego...

[ ProductName
[ StandardCost
] Color

FT Territories

E1 Territory Key
=1 Region

™ Country

£ Group

[T Sales

[ ProductKey

7] OrderDate
OrderDateKey

M CustomerKey

T SalesTerritoryKey
SalesOrderNumber

Note: A data table contains transactional information—in this case sales transactions. Lookup
tables contain information about logical groups of objects, such as customers, products, time
(calendar), etc. In the old world before Power Pivot, an Excel user needed to create one big flat
table in Excel before creating a pivot table. Often that meant writing VLOOKUP () formulas to bring
in other data from other tables into the one allowed big flat table. These other tables containing
the extra data needed are the lookup tables in Power Pivot. Each of these tables must have a
unique ID column, such as ProductNumber, CustomerNumber, etc. These unique columns are
sometimes called keys.
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When you’ve completed the preceding steps, you need to join the data table(s) to the lookup table(s), as
described in the next “Here’s How.”

Note: The relationship between tables in Power Pivot is always of the type “one to many,” and there
can be only one active relationship. Unlike in other database programs (Power Pivot is actually a
database), there is no other type of table join available in Power Pivot (for versions up through
Excel 2016 anyway). The data table may contain none, one, or many rows of data for each row in
the lookup table. The following “Here’s How” shows how to join tables.

Here’s How: Joining Tables in Power Pivot

A customers table typically has a list of all customers that a business has on file. But some of these custom-
ers may have never purchased anything from the company. Some customers may have made only a single
purchase, and some customers may have made many purchases. So for each entry in the Customers table,
the Sales table has either zero, one, or many rows.

The Sales table can be joined logically to the Customers table by using the customer key (often called
customer number or ID). When these tables are joined on the customer key, there is a one-to-many (Cus-
tomers-to-Sales) relationship between these two tables.

To join a lookup table to a data table in Power Pivot, follow these steps:

1. Select a column from the data table (the table at the bottom of the Power Pivot screen, as shown
below). In this case, click the OrderDate column in the Sales table (see #1 below) and hold down
the mouse button.

2. Drag the column up and hover over the matching key in the lookup table (in this case, the Date
column in the Calendar table; see #2).
3. Release the mouse button to complete the join.

T Calendar [ Customers T Products [T Territories

EN ID
T CustomerKey [ ProductKey [ Territory Key

[ Date al .
g = T GeographyKey I ProductSubcatego... ] Region
1 DayNumberQfWeek

T DayName
£ DayNumberOfMonth

F Moadlumbarfiffoor

] Name 1 ProductName M Country
T BirthDate [ standardCost O Group
T MaritalStatus 7 Color

] Orderlfate @
T OrderDateKey
T CustomerKey

[ salesTerritoryKey
M salesOrderMumber

4. Complete the same process for the other three tables. See if you can work out on your own which
are the correct columns to join before you look at the answers below:

Data Table Column Lookup Table Column

Sales ProductKey Products ProductKey
Sales CustomerKey Customers CustomerKey
Sales SalesTerritoryKey Territories TerritoryKey




14 Supercharge Excel

Because the relationships are always one-to-many, the joins are specifically single-directional. Always drag
from the data table up to the lookup table, not the other way around (as you would if you were writing a
VLOOKUP () in Excel).As you can see in the image below, there is an asterisk (see #1 below) at the end of
the relationship that points to the data table, there is a 1 (#2) at the end that points to the lookup table, and
there is an arrow (#3) that points toward the data table. (More on these arrows later.)

= Calendar
= lh]
£ Date £ CustomerKey [ ProductKey

E1 DayNumberOfWeek £ GeographyKey ) T ProductSubcatego... £ Region
[ 1 Country

7 Group

™ Customers B Products T Territories

E7 Territory Key

[T DayName £ Name T ProductMame

1 DayNumberOfionth £ BirthDate T StandardCost
M NaullmbarfYase £ MaritalStatus T Color

™ sales

T ProductKey

ED OrderDate

FT OrderDateKey

[T CustomerKey

FT SalesTerritoryKey
[T salesOrderNumber

5. By putting the data table at the bottom, you get a visual clue that the tables at the top of the screen
are lookup tables. (Get it? You have to “look up” to see the lookup tables.)

6. Save the workbook by clicking the Save icon (see #1 below).

= | Power Pivot for Excel - Learn to write DAXxdsx

Design Advanced

2o fe @ %8 o5 & i3 o

E_j Freeze -
Add Insert  Calculation Create Manage Table Mark as Date
Width Function Options ™  Relationship Relationships  Properties  Date Table * Table =
Columns Calculations Relationships Calendars Edit

When you click the Save icon, you save both the Excel workbook and the Power Pivot data model at the same
time (just as happens when you click the Save button in Excel). The Excel workbook and the Power Pivot data
model are always saved together inside the same Excel file (.xlsx, .xlIsb, .xIsm, etc.). If you want to switch back
to the Excel window, click the Excel button (#2 above).

Shaping Data

It’s time to pause for a minute to discuss the optimal shape of data for Power Pivot. When | say “shape” of
data, | am talking about things like how many tables you import, how many columns are in each table, which
columns are in each of the tables, etc.

Shaping data is a huge topic, and it is not in scope to cover it fully in this book. But | do want to give some
foundational advice to get you started. One reason this advice is important is because the shape of data
in transactional systems (or relational databases) is seldom the ideal shape for Power Pivot. When the IT
department executes an enterprise Bl project, one of the important first steps is to shape the data so it is
optimal for reporting. This step is normally completely transparent to the end user (i.e., you), and hence the
end user is shielded from the need to do this. But | am sharing this important information with you here and
now because you need to understand data shaping if you want to have efficient and effective Power Pivot
data models. Just copying what you have in your source data is unlikely to be optimal.
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Choosing a Schema (Table Structure)

The generally accepted approach for bringing data into Power Pivot is to bring in the data in what’s known
as a star schema. This is a technical term that comes from the Kimball methodology (also known as dimen-
sional modelling; you can look it up online if you're interested) and describes the logical way data should be
structured for optimal reporting performance. The objective of dimensional modelling is to allow the user
to visualise the data without the need to write a new query over the database for each report. The visual
layout of the tables in the following image (which includes exactly the same data you just imported) helps
you see why it is called a star schema.

1 Products

[ Productkey

E ProductSubcatego...
[T ProductName

[ StandardCost

] Color

[ Customers

T Territories
T Customerkey
] GeographyKey
] Name
T BirthDate
| MaritalStatus

[ Territory Key
[] Region
OrderDate — [ Country
1 OrderDateley [ Group
1 Customerkey
SalesTerntoryKey

T Calendar
oy [

Ell Date

M DayNumberOfWesk
[ DayName

M DayNumberOfMonth

In this schema, data tables (only one, Sales, in this example) are surrounded by lookup tables (Customers,
Products, Territories, and Calendar in this example), and together they visually make a star shape.
You can find more comprehensive coverage of this topic in Chapter 6.
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The Visual Layout of Tables in the Diagram View

When it comes to visually positioning tables in the Power Pivot Diagram view, | teach Excel users to position
the tables in such a way that the lookup tables are located at the top of the window and the data tables are
located at the bottom of the window (as shown below).

Lookup tables up above

E= cCalendar 1 Customers ™ Products
=l 1D

Date
DayNumberOfWeek

E Territories
£ CustomerKey = ProductKey F] Territory Key
£ GeographyKey ] ProductSubcatego... 7 Region
[ Name [ ProductName M Country

[ BirthDate [ standardCost [T Group
M MaritalStatus [ Color

.| DayName
[ DayNumberOfMonth

Data tables down below

[T sales

[T ProductKey

] OrderDate

] OrderDateKey
El Customerkey

E salesTerritoryKey

Note: There is no one correct way to shape your data, but using the star schema is the recom-
mended approach. However, other shapes work, too. For example, you can use a snowflake schema
(Google it), with secondary lookup tables joined to the primary lookup tables; however, the extra
relationships can come at the cost of degraded performance and possibly also confusion to users,
particularly if they are building their own reports using your data model.

If you compare the last two images above, you will see that they have exactly the same logical relationship
(links) between the tables: They are both star schemas, even though they have different visual layouts.

The visual layout in the second image, the one just above, is the one developed and recommended by Rob
Collie, and | call it the “Collie layout methodology.” The Collie layout methodology involves placing the lookup
tables at the top of the window and the data tables at the bottom. The importance of this for business users
learning Power Pivot will become evident later in the book. For now, just trust me and do follow the Collie
layout methodology.

Understanding the Two Types of Tables: Lookup Tables and Data Tables

In the IT world, lookup tables are referred to as dimension tables, and data tables are called fact tables. For
business users, though, | suggest using the terminology lookup tables and data tables.

A data table contains transactional information. In this book, the data table contains sales transactions. Lookup
tables contain information about logical groups of objects, such as customers, products, time (' Calendar"'),
etc.

Before Power Pivot and Power Bl, an Excel user needed to create one big flat table in Excel before creating
a pivot table. Often that meant writing VLOOKUP () formulas to bring data from other tables into the one
allowed big flat table. It is no longer necessary to bring data from the lookup tables into the data tables by
using VLOOKUP () . Instead, you can simply load the lookup tables and join them with a relationship.
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Lookup Tables

You should have one lookup table for each “object” that you need for reporting purposes. For example, in
the data being used here, these objects are customers, products, territories, and time (i.e., the Calendar
table). A key feature of a lookup table is that it contains one and only one row for each individual item in the
table, and it has as many columns as needed to describe the object.

So, there is only one row for each unique customer in the Customers table. The Customers table has lots
of columns describing each customer—such as customer number (key), customer name, customer address,
etc.—but there is only one row for each customer. Each row is unique, based on the customer number, and
no duplicates of customer number (key) are allowed.

Data Tables

Itis possible to have many data tables, but there is only one in this example: the Sales table. This data table
contains lots of rows (more than 60,000 in this case) and all the transactional records of sales that occurred
over several years. Importantly, the data table can be joined to each of the lookup tables. In this case, the
Sales table contains one column (technically called a foreign key) that matches each of the keys in each
lookup table (technically called a primary key). Stated differently, the Sales data table has four foreign key
columns: a date, a customer number, a product number, and a territory key. These columns allow the Sales
data table to be logically joined to each of the lookup tables.

Ideally, data tables should have very few columns but as many rows as needed to bring in all the data records.
Data tables normally have lots of rows (sometimes in the tens of millions or even billions).

The Shaping Bottom Line

When it comes to shaping data, you need to remember the following:

e There are two types of tables: data tables, which contain the data you want to analyse, and lookup
tables, which contain metadata about the objects you are going to analyse, such as the name, address,
and city of each customer.

e Therule of thumb is to load one table for each object. This is both efficient for the database to process
and easy for users to understand.

e The optimal way to shape your data is to use a star schema, but other schemas, such as a snowflake
schema, can work, too, though they may be less efficient.

e For business users, it is best to position tables in Power Pivot Diagram view, using the Collie layout
methodology. (You’ll learn more about why you should do this in Chapter 5.)

Here’'s How: Making Changes to a Table That Is Already
Loaded

Say that you want to make two changes to the Calendar table. First, you only want to bring in dates for
the years 2002 and 2003. Second, you want to remove the fiscal date columns from the table. The following
steps walk you through how to use Power Query to make changes like these to a table that is already loaded:

1. If necessary, navigate to the Excel window and locate the Queries & Connections pane on the right
side of the window. If you can’t see it, you can make it visible by clicking Data (see #1 below), Que-
ries & Connections (#2).

= Book1 - Ewxcel

File Homeg  Imsert Pagelayout Formulas Reviow View Dovolopar Add-ine  PowerBl  Powor Pivot
F B oSy & Recent Sources [ |Querfes &Eﬂnnecllﬂﬂfr_e_)ﬂ‘ Y /}..
.:'= From Web Existing Connections & | t B i l aapp|
Get  pe S ! Refresh z Sort Filter __ Text to
Giata = From Table/Range - Ed m . T advanced  Coiumnes

Get & Transform Data Cuerics

2. Inthe Queries & Connections pane, right-click the Calendar table and select Edit. The Query Editor
window opens.
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3. Locate the CalendarYear column (see #1 below). Deselect years 2001 and 2004 (#2 and #3) and
then click OK.

rOfYear = 193 CalendarQuarter - (143 Calendarvear * 123 FiscalQuartar =
8] Sort Ascending 4
E_ Sort Descending

Remove Empty 1

Mumber Filters v

B (Select All)
9‘) 2001 1
T ¥l 2002 1

| 2003 i

e‘ 2004 1

T i i ar 1
f: List may be incomplete il mare

1

| QK Cancel 1

Note: Note the message “List may be incomplete” and also the Load More hyperlink. It is very
common to see this in Power Query. Power Query only ever loads a sample or records; hence, it
provides a warning that there may be other options that are not visible on the screen (calendar
years, in this case). You can click the Load More hyperlink to force Power Query to load all possible
records, but it may take a few seconds (or even minutes) to load all the possible values.

4. Remove the columns FiscalQuarterand FiscalYear. To do so, multi-select these two columns
(see #1 below) by holding down Shift or Ctrl, right-clicking, and selecting Remove Columns (#2).
Click OK.

Navigate to the FiscalYear column, right-click (see #1 below), and then select Remove Columns
(#2).

123 CalendarYear -¥| 123 FiscalQuarter | g3 FisealVaar v 112> parind b4
2003 o By Copy

L|d
% Remove Columns

2003 3

2003 3 Remove Other Columns

2003 2 F4il Add Column From Examples...

2003 3 Remove Duplicates

2003 3 Remove Errors

2003 E) 12 Replace Values...

2003 2 Fill »

7. Click Close & Load.
8. Save the workbook.

Note: In this section and for the rest of this book, whenever | show changes to the loaded data,
| always use the Power Query data load method.
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Here's How: Deleting Steps in a Query

Now that you’ve seen how to make changes to a table that you have previously imported using Power Query,
you’re ready to get some practice. Go back and clear the filters you applied on the CalendarYear column
because you need all the rows in the Calendar table for the practice exercises in this book. Clearing the

filters is quite easy to do:
1. Editthe queryforthe Calendar table as before, by right-clicking the table and selecting Edit Query.
2. Click the X next to Filtered Rows under Applied Steps, as shown in the image below, to remove the
step.
3. Click Delete when prompted.
Click Close & Load and then save the workbook.

Query Settings X

4 PROPERTIES
Name

Calendar

All Properties

4 WAPPLIED STEPS

Source

Navigation

Filtered Rows

Removed Columns

Here’s How: Importing New Tables

The purpose of this exercise is to show you how to add new tables of data when needed. In this exercise, you
will use Power Query to bring in the ProductSubCategory table from the original Access database and
join it to your data model. Follow these steps:

1. Inthe Excel window, on the Data tab (see #1 below), click Recent Sources (#2) and then select the
AdventureWorks Access database from the list and click Connect.

H ©- | ® 1 -

File Home Insert Page Layout Formulas Review View De

[&; Recent Sources e

F DD From Text/CSV P [ ]Queries & Connections
- ~
B [% From Web = Existing Connections ~ Properties
Get Refresh
Data - D From Table/Range All - Edit Links
Get & Transform Data Queries & Connections

Al < Je
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2. Selectthe dimProductSubCategory table (see #1 below) and click Edit (#2).

Navigator

£ dimProductSubCategory
Select multiple items PraductSubcategarybey ProdustSubcategoryAlvernatekis
Display Options = 4 1
"
[ dimCabend :
CEmA_ asnclar ~ ]
0 dimCustomers 2
[l dimProduct
= dimProductCategony @
o,l'_ dimProductSubCategorny 7
— a
| dimTesritories W
L g
FH fersales < by

3. Inthe Query Settings pane on the right, remove the dimProduct prefix from the Name box, so you
are left with the friendly name SubCategory.

Query Settings X

4 PROPERTIES

Name

All Properties

4 APPLIED STEPS

Source

< Navigation

4. This time, instead of clicking Close & Load, click Close & Load To.

5. Inthe dialog that appears (shown below), select Only Create Connection (see #1 below), select Add
This Data to the Data Model (#2), and then click OK.

Import Data 7 b

Select how you want to view this data in your workbook,
£ (D) Table
[ () pivotTable Report
1% ) PivetChart
[ (®) gnly Create Connection 9)
Where do you want to put the data?
Existing workshest

=51512

|

NEW Worksheet

[+1[add this data 1o the Data Maodel] e )
Properties. - ool
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Note: At this writing, the load experience is different (and inconsistent) depending on whether
you have checked Select Multiple Items or not and whether you then click Load or Edit. If at any
time you want to change where the data is loaded, simply right-click the query (in the Query and
Connections pane on the right of Excel), select Load To, and then change the load parameters in
the dialog, as shown above.

6. Switch to the Diagram view of the Power Pivot window. SubCategory is a lookup table of the
Products table, so if you're using the Collie layout methodology, place the SubCategory table
above the Products table, as shown below. Create a relationship between Products [Product-
SubcategoryKey] and SubCategory [ProductSubcategoryKey].

L) e i [CERTIY [ subCatogory = Territory
(RN T
[T Date T Customerkey T ProductiuboategoryKey M Territory Key
= ] ] T ProductSisbeategaryAle. O Regi
[T DayNumberOfweek ] GeograptiyKey X ubcategary gion

-

7 Mama I EnglishProductSubeato.., Tl Comntry
™ BirthDate 71 SpanishProductSubeat... T Group

[T DayName

T DayNumberCfMo. .
= MurltalSiniun " Eraree b P e et S heats

™ Froducts

[T Productiey
[ ProductSuboategony ey
[0 Product Namss

T SrandardCos

T Sales
T Productitey

T OrderDate
T OrderDateray
[T Customerkey

[T SalesTarritoryKey

7. Save the workbook.

Note: Now that there is a second lookup table (SubCategory) connected to another lookup
table (Products), this is technically a snowflake schema. It will work, but it can be less efficient
than a star schema. In addition, this shape can be confusing to users of the report because it does
not follow the “one object, one table” rule; there are two tables that contain information about
products. It is not wrong to do it this way. It is just a guideline to try to build models that follow
the “one object, one table” rule where possible to keep things fast and easy to understand.

8. Delete this SubCategory table now because you won’t need it again. To do so, switch back to
Excel, navigate to the Queries & Connections pane, right-click the SubCategory query, and select
Delete.

Here's How: Changing the File Location of an Existing
Connection

It’s important to know how to move an Access database to a new location and then point the existing data
connection to the new location. You need to do this, for example, if you ever send an Excel workbook that
used Power Query as well as the data source to another user or if you need to change your file locations on
your own computer.

The data connections you create in Power Query are relative to your computer. When you send a workbook
and data source to another user, that person will have to edit the data connection so that it will work on his
or her own PC.
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Note: You need to follow the steps in this section only if you send both a workbook and a data
source to another user. But that is not normally what you do. Normally you just distribute a work-
book and not the data source.

To simulate what can happen when a file location changes, first move the Access database to a new location
so the existing query cannot find it. Then you can proceed to change the file location of the existing connec-

tion to the new location. Follow these steps:
1. In Windows Explorer, create a new folder.
2. Navigate to your Access database and move it into the new folder you just created.
3. Try to refresh one of your queries in the Queries & Connections pane, right-click, and select Refresh.
Note that it doesn’t work, and you get the error message shown below.

| Micrasaft Exeel

We coubdn't refresh the connection 'Cuery - Calendar’. Here's the error message we got

.I [DataFermatError] ‘AdventureWaorks_Learn_To_ Write_DAX accdb’ is not a valid path. Make sure that the path name is spelled correctly and that you are

connected 10 the server an which the file resides,

4. Click OK.
5. Right-click and edit one of the queries.

Note: The Query Editor keeps a cached copy of the data in the tables. When you first go into the
Query Editor, the tables may seem fine. If you click Refresh Preview, Refresh All, the Query Editor

tries to refresh the cache, and then you see error messages.

6. Click File (see #1 below), Options and Settings (#2), Data Source Settings (#3).
2%~ 5 | Calendar - Query Editor

. G)

'Q’_j el Options and settings

Query Options

N \
+  Data source settings e)

Close & Load To...
’E) Discard & Close

Options and settings\r)
@ Help »
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7. Select the data source that relates to the Access database (see #1 below) and then click Change
Source (#2).

Data source sett i['l{_}S
Manage settings for the data sources used in queries

« [ata sources in cufrant workbook Global permissions

e

[ chusers\matt\documents\bookis..works leam_to write dax.accdb g)

©

Change >5lroe... Edit Permissions.. Chzar Pormissions | =

8. Click Browse (see #1 below), locate the new file location, and then click OK (#2) when you’re done.

"
Microsoft Access database

& [asic Advanced

File path 0}

CAallsers\mat\Documents\Book\SCExcel\Data Source NewAAdventureWork | Browse.

Open file ag

Access database r

v Include relationship columns

QK Cancel

9. Click Close and then click Close & Load.
10. When the queries finish refreshing, save the workbook.
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Here's How: Inserting a New Pivot Table

Now that you have data loaded into the Power Pivot data model, it is time to create a simple report. This is
normally done via a pivot table. Follow these steps to insert a new pivot table:

1. Inthe Excel window, select Insert, Pivot Table.

2. Inthe Create PivotTable dialog box, make sure that Use This Workbook’s Data Model is selected (see

#1 below) and then click OK (#2).

Create PivotTable

Choose the data that you want to analyze
Q Select a table or range
Table/Range:
O Use an external data source

Choose Connection...

I @ Use this workbook's Data Model r)

Choose where you want the PivotTable report to be placed

O New Worksheet

® Existin Worksheet:

Location: |Sheet1!$A%1
Choose whether you want to analyze multiple tables

Q=

Add this data to the Data Model

Cancel

X

[

=

3. The PivotTable Fields list appears on the right of the Excel worksheet that contains the new pivot
table. Note that multiple tables are visible in the PivotTable Fields list. This is an indication that the
pivot table is connected to a data model. A traditional Excel pivot table has only a single table visible

in the PivotTable Fields list.

PivotTable Fields ~ %
Active All

Choose fields to add to report: =
Search ya
i 5 Calendar

t B Customers
t E Products
b FEx Sales

b Territories
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3: Concept: Measures

Measures have been around for many years in the enterprise versions of Microsoft Bl tools, such as SQL Server
Analysis Services. There is nothing confusing or hard to learn about measures. A measure is simply a DAX
formula that instructs Power Pivot to do a calculation on data. In a sense, a measure is a lot like a formula
in a cell in Excel. The main difference, however, between a formula in a cell in Excel and a measure is that a
measure always operates over the entire data model, not over just a few cells in a spreadsheet. You'll learn
more about this later, but for now you can just think of a measure as a formula that calculates a result from
the loaded data.

Note: The term measure has a bit of a chequered history in Power Pivot for Excel. In Excel 2010,
which provided the first release of Power Pivot, Microsoft used the term measure. In Excel 2013,
the second release, Microsoft changed the name measure to calculated field. Thankfully, in Excel
2016, Microsoft reversed its decision and used the term measure again, and it seems to be sticking
with that.

Techniques for Writing DAX Measures

There are three places you can write DAX measures:

e You can write a measure in the formula bar in the Power Pivot window, as shown below. If you use
this method, you must specify the measure name followed by a colon and then the formula. Note
that there can be no spaces between the measure name, the colon, and the equals sign.

tﬁ | 88 [ 5 | Power Pivot for Excel - Learn to write DAX samples for bookxlsx

Home Design Advanced
Paste &ppend D Data Type :
amy i
L= '(} Ly J Format : Currency =

Paste Replace

Paste From From Data From Other  Existing Refresh  PivotTable
B 2.0 .00
EEI Copy Database * Service™  Sources Connections - - $-% » T30

Clipboard

at Eite Data Formatting
[Froductkey] - f Tcntal Cost Value:=sum(Sales[TotalProductCost])
Iﬂ ProductKey % B order.. & K OrderDateKey | Custome... % BA| salesTerritor... 'l‘u

¢ You can write and edit measures in any empty cell in the calculation area at the bottom of the Power
Pivot window, as shown below. Note that you need to use a colon here, too.

Bloge e = | Power Pivot for Excel - Learn to write DAX samples for book.xlsx - O *
Home Design Advanced 9
L D Data Type: H 3 AutoSum I;I I:lg Diagram View
A I o
L Format : Create KPI irH Show Hidden
Faste Get External Refresh  PFivotTable Clear All  Sort by Find Data
Data~ - - $-% > Wb s% Filters Column view | Calculation Area
Clipboard Formatting Sort and Filter Find Calculations Vie
|[UnitPriceDisc - fx| ] |x
ﬂ ProductKey [ n OrderDateKey n SalesTerritor... 8 ﬂ SalesOrderMNur ber n 2
465 03,{'06,"2004 20040603 11965 9 S0O72066
479 04/06/2004... 20040604 16730 9 SQ72138
482 04/06/2004... 20040604 13643 9 5072185
'!Nm 19!‘“ o S o e T s

Total Cost Value: $17,2... Average Pr.. Total SaleslY: 31... Changein Sales... Total Sales ¥TD: 59,7... Total Sales QTD: (blank) Total ¢
Total Order Quantity: ... Discount %...

Total Sales Including T... Total Margi... This is the Calculation Area
Maximum Tax Paid: $2... Markup %: ...

Minimum Price Paid: 5... Tax %: 8.0%

MAXA test: 396 Margin %: ... -% You can write measures in any cell

Total Sales SUMX versi... Total Sales ... N
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e You can write measures in the Measure dialog in Excel, as shown below. You can open this dialog
from within Excel by navigating to the Power Pivot tab (see #1 below) and clicking on the Measures
button (#2) and then New Measure (#3).

H - xS = Learn to write DAX s - Excel PivotTable Toals

Harme Insert Page Layout Formulas Data Query Review View Develnperg./l Power Pivot Analyze Design

BRIz @B 8 &

L] L e 3
Manage |Messures KPls Addto  Update Detect Settings
= - Data Model Al
Data Model | 38 New Measure.. les Relationships
' =)
Al fF Manage Measures...
A B C D E F G H | J K L b M
Measure ? >
Table name: |Sales v|

Measure name: |T|:|ta| Cost |

Description: | |

Formula: | fr | | Check formula

=sum{Sales[TotalProductCost])

Formatting Options

Category:

General Symbal: g "
Mumber

Decimal places: 0
Date
TRUESFALSE Ise 1000 separator ()

4k

Corce

In general, Excel users should write DAX in the Measure dialog box in Excel. And it is normally best to first
create a pivot table that provides some context for a measure you are about to write. If you do it this way,
you immediately see the measure in a pivot table when you click OK, which gives you immediate feedback
about whether the formula is written correctly (i.e., it gives you the results you are expecting).

Here's How: Writing Measures
The approach to writing new measures described here is what | recommend for Excel users. Until you get the
hang of it, this procedure for creating measures will be foreign, so be sure to practice. Follow these steps:
1. Create a new blank pivot table connected to your data model (or use an existing one if you already
have something appropriate).
2. Add some relevant data to the rows in your pivot table. For the sample database used in this book, |
suggest that you go to the Products table and place [Category] on Rows in the pivot table (see
#1 below).

3. Clickinside the pivot table, navigate to the Power Pivot tab, click the Measures button (#2), and then
select New Measure (#3). The Measure dialog appears.
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Les

41

H ©- X g

Home Insert Page Layout Farmulas Data ]

ol § = & =8 4

Manage Measures KPIs Addto  Update Detect Settings
> - Data Maodel Al
Data Model br’.'jl Mew Measure... @ les Relationships
A2 _Iﬁ.? Manage Measures... e e
A E C D E F

FCS W R N |

o LN

Row Labels -
|,ﬁ.cc2550ri25 ﬂ_},
Bikes

Clothing
Components
Grand Total

Tip: You should use the following steps and the Measure dialog shown below as a process flow/
guide. If you don’t do this, you risk missing one or more of the steps. Missing a step will end up
costing you time and causing rework. Get in the good habit of following the process steps | de-
scribe here, using the dialog to remind you of all the steps. Always follow the order outlined here.

4. Inthe Table Name drop-down (see #1 below), select where your measure will be stored. You should
place the measure in the table the data comes from. In this case, the “data” you are using is in the
Sales [Extended2mount] column, which is in the Sales table, so select Sales from the Table

Name drop-down.
5. Inthe Measure Name text box (#2), give the new measure a meaningful, unique name, such as To-
tal Sales.

Note: In the examples in this book, you should use the names | tell you to use. When you are
writing your own DAX with your own data in the future, you should use descriptive, meaningful
names (including spaces). Don’t try to abbreviate a name like Total Sales as TS as doing so will
cause you or others confusion down the track.

In the Formula box (#3) write the DAX formula.
Click Check Formula (#4) to check whether the formula you wrote is syntactically correct. Fix any
errors, if needed.

8. Select an appropriate formatting option from the Category list (#5) and make suitable selections for
Symbol and Decimal Places in the area to the right of the Category list.

9. Click OK to save the new measure (#6).

Note: | generally don’t enter anything in the Description box, but it is there for you to use if you
like. It’s for reference only and doesn’t impact the behaviour of the formulas.
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Measure ? >

Table name: |Sales g,.l " |

Mezzure name: |TDtaI Sales @) |

Description: | |

Eormula: _,f-c Check formula '@/I

=5LIM(5ales[Extended Amourt]) @

Formatting Options

Category:

General Symbal: 3 >
Mumber
@,- Decimal places: =
ate
TRLE/FALSE Lse 1000 separator ()

¥ e

10. After you click OK, you get immediate feedback about whether everything is working as you expect,
as shown below.

A B
Row Labels ~ Total Sales
2 |Accessories $?‘00,?ﬁﬂl
3 |Bikes 528,318,145
4 |Clothing $339,773

Grand Total $20,358,677

Ln

Remember that following this step-by-step procedure will save you time because you will not have to go back
and fix things you missed. Practice doing it this way right from the start, and you will develop good habits
that will serve you well in the future.

Avoiding Implicit Measures

You can create a measure by dragging a column from a table and dropping it in the Values section of the Pivot-
Table Fields list, as shown below. When you do this, you create what is called an implicit measure. This is the
way you always had to do it with traditional pivot tables; there was no other option. However, | recommend
that you avoid doing this when using Power Pivot.

There are several reasons to avoid creating implicit measures:

e The name of the implicit measure that Excel generates for you is not very helpful. For example, as
shown below, Excel generates the field name [Sum of ExtendedAmount], which is not nearly as
helpful or clear as a name like [Total Sales] that you explicitly write yourself.
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Drag fields between areas below:

Filters Columns
Rows * Values
Category r M Sum of ExtendedAmeo... ~ ]

¢ No formatting is applied when you drag to create an implicit measure.

e Drag and drop works only with SUM and COUNT (i.e., the count is automatically applied when you
drag and drop a text column into the Values section). If you want anything else (e.g., AVERAGE), you
have to edit the settings anyway.

e You won’t learn how to write good DAX if you let Excel create implicit measures for you.

So, do yourself a favour and don’t drag and drop your table columns when writing DAX. Of course, if you just
want a quick look at a field for some testing, then doing this is fine. But undo the change immediately after
you have taken a look. If you want to keep a measure, write it from scratch using your DAX skills.

Here’'s How: Using IntelliSense
When you type in a DAX formula in the Measure dialog, | recommend that you learn to leverage the Intelli-

Sense tooltips that appear. The following steps show how this works:

1. Click in an existing pivot table (the one you created earlier is fine, or you can create a new one) and
then create a new measure and name it Test.
In the Formula box, click just after the equals sign (which is already there by default).
To enter the SUM function, start typing sum (case doesn’t matter here). After you have finished typ-
ing these three letters but before you type a parenthesis, Excel displays an IntelliSense tooltip that
provides a description of the function (see below). These tooltips often contain information that is
valuable, particularly while you are learning.

Formula: fxl Checkformulal

I
w
[
3

Adds all the numbers in a column.

* [Sum of ExtendedAmount]
) SUMMARIZE
%) SUMMARIZECOLUMNS

"'M' %

=)

=N |
w
=
| =
F
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4. After reading the tooltip and making sure you are choosing what you want, type an open parenthe-

sis, (, or press Tab. A new tooltip pops up to help you with the correct syntax. For example, you can
see that the function shown below is expecting you to pass it a column name.

Measure

Table name: |Sales

Measure name: |Test

Description: |

Formula: _fxl Checkformulal

=sum(]
[S0M ColumnName) |

5. Start to type in the name of the column—in this case, Ex for ExtendedAmount. You see two col-
umns appear in the tooltip list, as shown below.

Measure ? X

Table name: |Sa|es - |

Measure name: |Test |

Description: | |

Formula: | fr Check formula

=SUM(ex
SUM(ColumnName
|{[E)] [ExtendedAmount]
=7 Sales[ExtendedAmount]

6. Inthis case, the two items in the tooltip list are the same column but expressed differently in the list;
they are both the ExtendedAmount column in the Sales table. It is best practice in DAX to always
type the table name before every column name inside your formulas, so use the up and down arrow
keys to select the second item in the list, Sales [ExtendedAmount].

Note: Personally, | think this is poor design in the Ul. You should never refer to a column name
without specifying the table name. As a result, the Ul should never allow you to select the column
name without the table name. Maybe Microsoft will fix this someday.

7. Press Tab to select the column that includes the table name.

Formula: _fxl Checkformulal

=zum{Sales[Extended Amourt]|
SUM{ColumnMName)

Tip: Try to use the keyboard and not the mouse to select from the suggested list of possible values,
particularly if the list is short. It may be slower for you to start with, but it will be faster in the long
run if you learn to do it this way.

8. Close the formula by typing ) and then click Check Formula.

If you practice writing your DAX this way, you will become very fast very quickly. Stick with it until doing this
seems like second nature.
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Here’s How: Editing Measures

It is easy to go back and edit (or simply review) measures after you have written them. Follow these steps
from within Excel:

1. Onthe Power Pivot tab, click Measures (see #1 below) and then Manage Measures (#2) to see a list
of all of the measures you have created.

H ©- ¥ gh = Lea

Haorne Insert Page Layout Formulas Data ]
BBy 8B 4

Manage Measures KPIs Addto  Update Detect Settings
2 - Data Maodel Al
Data Model EIHE Mew Measure... les Relationships
A2 J# Manage Measures.. @) Accessories
A E C D E F

2. The Manage Measures dialog appears, as shown below.

Manage Measures ? et
Mew Edit Delete

Measure Formula 2

Total Margin & [Total Sales] - [Total Cost]

Total Margin % [Tatal Margin 5]/ Total Sales]

Total Margin {nc sales 10%)  [Tatal Margin 5]~ 1.1

Total Margin with Selected |... [Total Margin 5] * (100 = [Selected Value])/100
Total Measure SWITCH([Selected Measure], 1,[Total Sales], 2,[Tol
Total Mumber of Customers  COUNT(Customers[Customerkey])

Total Mumber of Customers ... COUNTROWS(Customers)

Total Mumber of Products COUNT(Products[Product Key])

Total Mumber of Products C... COUNTROWS(Products)

Total Mumber of Visits SUMVisit Data[Mumber of Visits])

Total Order Quantity SUM(Sales[Orderuartity])

Total Orders All Customers CALCULATE(Total Order Quantity] , ALL[Custome
Total Orders Selected Cust... CALCULATE({[Total Order Quartity] , ALLSELECTE
Total Sales for Al Days Sel... CALCULATE([Total Sales] . ALLSELECTED(Calen
Total Sales Including Freight  SUMX(Sales. Sales[Exended Amourt] + Sales[Freig
Total Sales Including Tax 5...  SUMX(5ales, Sales[Extended Amourt] + Sales[Tax/

Total Sales LY CALCULATE([Total Sales], SAMEPERIODLASTYE
Total Sales LY DATEADD CALCULATE([Tetal Sales], DATEADD{Calendar D
Tet=l Calas | ¥ 1M 81 C11 ATEMTrtal Salael EIl TER(AL | /P slandar
£ >

3. Use the Manage Measures dialog to create, edit, and delete any measures, as needed.

Note: You can also edit an individual measure quickly by finding the measure in the PivotTable
Fields list, right-clicking it, and selecting Edit.
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What to Do When Something Goes Wrong Writing DAX

At some point, you will start the process of creating a new measure, and something will go wrong. For one
reason or another, you will need to stop what you are doing and go back into Excel. This can be a problem
for two reasons:

e The Measure dialog box is modal, so while it is open, you can’t do anything else until you dismiss
this box.

e The formula you add must be valid DAX; otherwise, it can create problems. Sometimes you can’t even
close the dialog if the DAX is not valid.

In such cases, you may lose the work you have already done (e.g., the steps you have already completed,
such as selecting the table, typing the name of the formula, selecting the formatting), and you may even have
the DAX formula half written. But because the formula is incorrect, you can’t save it! There are two tricks to
handling this problem, depending on how deep you are in the process.

The first trick can be used when you don’t have any meaningful DAX that you want to save but you have
already selected the table, typed the name of the formula, etc. In this case, simply enter =1 in the formula
section, as shown below.

Measure ? >

Table name: |F‘r-:u:||.||:15 j

Measure name: |;'-‘-.uemge Weight in Grams

Description: |

Formula: [ | Check formula

=1

Formatting Options

Category:

Format: | Decimal Number j

Decimal places: 0 3:

v Use 1000 separator ()

oK Cancel |
Y

When you do this, the formula is saved with the name, table selection, and formatting. You can come back
any time you are ready and edit the formula.

You use the second trick when you are having problems writing your formula, and you want to come back to
it later (e.g., maybe you need to do some research on the web). Consider the formula shown in the image
below as an example. Once you are this deep into a measure, you don’t want to start again from scratch, nor
do you want to replace the formula with =1, as suggested above.
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Measure ? >

Table name: |Sales j

Measure name: |Test

Description: |

Formula: [y | Check formula

=S UMX (
Flayers,
IF(
[Winner Faw] =1,
COUNTROWS |
FILTER {
Table1,
Table 1[PLAYING _HAMDICAP]
= MAX ( Handicaps[Possible Handicaps] )
&& Table1[PLAYERID] = EARLIER { Players[PlayerlD] )

There is a simple solution to this problem, and it leverages the fact that DAX can return text results to a pivot
table. If you need to suspend writing this measure midstream, simply wrap the formula in double quotes,
as shown below.

Measure ? >

Table name: |Sales j

Measure name: |Test

Description: |

Formula: [ | Check formula

="SUMX {
Flayers,
IF{
[Winner Faw] =1,
COUNTROWS |
FILTER {
Table1,
Table 1[PLAYING _HANMDICAP]
= MAX ( Handicaps[Possible Handicaps] )
&& Table1[PLAYERID] = EARLIER { Players[PlayerlD] )

DAX then treats the entire formula as a text constant and allows you to save the formula. You can later come
back and change the formula after you have had a chance to do your research.
The only time this doesn’t work is when you have a genuine need to use double quotes in the formula, as in
this example:

=CALCULATE ([Total Number of Customers], Customers[Gender] = "M")
In this case, you can temporarily replace the double quotes in your formula with single quotes and then wrap
the whole thing in double quotes, like this:

="CALCULATE ( [Total Number of Customers], Customers[Gender] = 'M'")"
You can reverse these changes when you are ready to re-edit the measure.
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4: DAX Topic: SUM(), COUNT(),
COUNTROWS(), MIN(), MAX(),
COUNTBLANK(), and DIVIDE()

This chapter starts out with some basic DAX formulas to get you started. Most of the DAX functions in this
chapter accept a column as the only parameter—for example, =FORMULA (ColumnName) . The exceptions
are =COUNTROWS (Table), which takes a table (not a column) as the parameter, and DIVIDE (), which |
cover later in the chapter.

All the functions in this chapter except DIVIDE () are aggregation functions, or aggregators. That is, they
take inputs from a column or table and somehow aggregate the contents (differently for each formula).

Think about the column Sales [ExtendedAmount ], which has more than 60,000 rows of data. You can’t
simply put the entire column into a pivot table because the pivot table can’t “fit” a column with more than
60,000 values into a single cell on the spreadsheet.

The following example shows a DAX formula that uses a “naked” column, without any aggregation function.
This does not work when you’re writing a regular measure, as indicated by the error message shown below.

Measure ? >

Table name: | Sales — |

Measure name: |T|:|ta| Sales |

Description: | |

Formula: | fx | | Check formula

=5ales[Extended Amount]

A1y |Calculation emor in measure "SalesTTotal Sales]: A single value for column "ExtendedAmourt”’ in table "Sales’
cannot be determined. This can happen when a measure formula refers to a column that contains many values
without specifying an aggregation such as min, max, count, or sum to get a single result.

Formatting Opticns

Category:

General Symbal: g e
Mumber

Decimal places: 0
Date

TRUE/FALSE |Ise 1000 separator ()

4k

Crce

You have to tell Power Pivot how to aggregate the data from this column so that it returns just a single value
to each cell in the pivot table. All the aggregators in this chapter effectively convert a column of values into
a single value.

The correct way to write this measure is shown below.



4:DAXTopic:SUM(),COUNT(),COUNTROWS(),MIN(),MAX(), COUNTBLANK(),andDIVIDE() 35

Measure ? >

Table name: |Sales j

Measure name: |TD‘tE|| Sales

Description: |

Formula: fxl Eheckformulal

=sum{Sales[Extended Amourt])

I~

Correct. The column is wrapped in an
aggregation function.

Formatting Options

Category:

General Symbol: | s j
Mumber

Decimal places: g =

I+ Use 1000 separator ()

oK Cancel |
Y

Did you notice that this example uses the table name and the column name in the formula? Remember that
this is best practice.

Note: Always refer to the table name and the column name when writing DAX. Never refer to a
column without specifying the table name first. You will understand why | say this shortly.

Reusing Measures

One important capability in DAX is that you can reuse measures when writing other measures. Say that you
create a new measure called [Total Sales]. Once this measure exists in the Power Pivot data model, it can
be referenced and reused inside other measures. For example, after creating the measure [Total Sales],
you could use the following formula to create a new measure for 10% tax on the sale of goods:

Total Tax = [Total Sales] * 0.1
Note that the new measure [Total Tax] is a calculation based on the original measure [Total Sales]
multiplied by 0.1.

It is good practice to reuse measures inside other measures.

Note: | did not add the table name in front of the measure name above. That is, | wrote [Total
Sales] and not Sales [Total Sales].Although you should always add the table name in front
of a column (for example, Sales [ExtendedAmount]), it is best practice to omit the table name
before a measure. The reason for doing it this way is that a reader can look at Sales [Extend-
edAmount] and [Total Sales] and immediately tell that the first is a column and the second
is a measure simply by the existence (or not) of the table name.

Writing DAX

It’s time to start to write some DAX of your own to get some practice. When | say write, | mean sit in front
of your PC, open your workbook with the data from Chapter 1 loaded, and really write some DAX. Especially
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if you have never written formulas using these functions, you should physically do it now, as you read this
section. Imagining yourself doing it is not enough.

If you haven’t already done so, go ahead and load the test data by following the steps in Chapter 1. Once it is
loaded and prepared, you are ready to create the new measures in the following practice exercises. The first
measure you will write is the same one from “Here’s How: Using IntelliSense” in Chapter 3.

Practice Exercises

Periodically throughout the rest of this book, you will find practice exercises that are designed to help you
learn by doing. You should complete each exercise as you get to it. The answers to all these practice exercises
are provided in Appendix A.

Practice Exercises: SUM()

Try to write DAX formulas for the following measures without looking back at how to do so. If you can’t do
it, refer to Chapter 3 and then give it another go. Remember that you are here to practice! You can find the
solutions to these practice exercises in Appendix A.

Write DAX formulas for the following columns, using SUM () for each one.

1. [Total Sales]

You should have already written this measure earlier in this book. If not, write a new measure that is the total
of the sales in the ExtendedAmount column from the Sales table now.

A B

Row Labels - Total Sales

2 |Accessories 5700,750
3 | Bikes 528,318,145
4 |Clothing 339,773

Grand Total 529,358,677

2. [Total Cost]

Create a measure that is the sum of one of the cost columns in the Sales table. This measure uses exactly
the same structure as the [Total Sales] measure from Practice Exercise 1, but it adds the cost of the
product instead of the sales amount. You can use any of the product cost columns in the Sales table; all the
cost columns are the same in this sample database.

3. [Total Margin $]

Create a new measure for total margin, which is total sales minus total cost. Make sure you reuse the two
measures you created above in this new measure.

4. [Total Margin %]

Create a new measure that expresses the total margin from Practice Exercise 3 as a percentage of total sales.
Once again, reuse the measures you created above. | don’t cover the DIVIDE () function until later in this
chapter, but you can try to work out how to use it with the help of the IntelliSense if you like.

5. [Total Sales Tax Paid]

Create a measure for total sales tax paid. Look for a tax column in the Sales table and add up the total for
that column.

6. [Total Sales Including Tax]

The [Total Sales] measure from Practice Exercise 1 excludes tax, so you need to add two measures to-
gether to get this total.

(]
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7. [Total Order Quantity]

This is similar to the other measures, but this time you add up the quantities purchased. Look for the correct
column in the Sales table.

How Did It Go?

As you worked through the practice exercises, did you do the following?

¢ Did you create a pivot table first and put Products [Category] on Rows in your pivot table (or
something else on Rows that is appropriate for these measures)? This is best practice for Excel users
because you get immediate feedback after you write your measure; you can see the results.

¢ Did you reference all columns in your measures in the format TableName [ ColumnName] (i.e., always
reference the table name)? You should never reference a column in DAX without first specifying the
table name; always use the table name and the column name.

¢ Did you use the Measure dialog box as your process flow prompt, filling each step along the way
without skipping any steps? Using this dialog box, shown again below, is a great way to make sure
you don’t miss anything.

¢ Did you click the Check Formula button before clicking OK? At this writing, Power Pivot is a bit clunky
and sensitive to incorrect syntax. Clicking OK when there is an error with the formula can create er-
rors in your workbook, including pivot table errors and even workbook corruption. It’s much better
to get it right before you click OK, so get in the habit of always using the Check Formula button, even
for very basic formulas.

Measure ? >

Table name: |Sales B_J V|

Measure name: |Tcrta| Sales EJ; |

Description: | |

Formula: | frr | | Check formula @-)

=5 M (Sales[ExtendedAmount]) QJ.

Formatting Options

Category:

General Symbal: 3 e
Number
B_- Decimal places: =

ate
TRUE/FALSE Use 1000 separator ()

Carce

¢ Did you put the measures in the Sales table? The rule is that you should always put a measure in
the table the data comes from. As you can see above, [Total Sales] is a formula that adds up the
column Sales [ExtendedAmount]. This column of datais in the Sales table, so this is where you
put the measure.

¢ Did you use the keyboard and look at the IntelliSense when you typed the measures? Try not to use
the mouse. It may be faster now (for some people), but relying on the mouse will prevent you from
getting faster in the future. Learn to use the keyboard and follow the process covered in the section
“Here’s How: Using IntelliSense.”



38 Supercharge Excel

Remember that the answers to all the exercises in this book are available in Appendix A. Try to avoid peeking
at the appendix when you should be thinking and typing. If you do the thinking now, you will learn how to
do it, and that will pay you back in spades in the future.

Okay, it’s time to move on with a new DAX formula.

The COUNT() Function

As you write the formula shown below using COUNT (), take the time to look again at how IntelliSense can
help you write DAX.

Remember that whenever you type a new formula, you can pause, and IntelliSense shows the syntax for the
function, along with a description of the function. The description includes some very useful information.
For example, in the figure below, the tooltip says that this function “counts the numbers in a column.” This
gives you three very useful pieces of information. You’ve probably already worked out the first one: It counts.
In addition, this tooltip tells you that the function counts numbers and also that the numbers need to be in

a column. This should be enough information about the COUNT () function for you to write some measures
using it.

Measure ? d

Table name: |Cust0rners ﬂ

Measure name: |Total number of Customers

Description: | Before you type an open parenthesis, |

Formia:  fi|  Check formada you can reac_i a descrlptlon_about the
function you are using
=CQIJPJT

Counts the numbers in a column./

#)COUNTA

A COUNTEX

A )COUNTBLANK
A COUNTROWS
A& COUNTX
A)DISTINCTCOUNT
Category:

Number

Cumency

Date

TRUE/FALSE

ok | cancal |

4

Practice Exercises: COUNT()

Now it is time to write some DAX formulas using the COUNT () function. Find the solutions to these practice
exercises in Appendix A.

Note: Don’t forget to set up a pivot table before you work the following exercises. A good approach
is to give the worksheet in your last exercise a name, such as SUM, and then duplicate the work-
sheet for this next exercise, now giving it the name COUNT. This way, you can easily look back at
your work later for a refresher. Whenever you set up a new pivot table for a new exercise, make
sure you have something meaningful on Rows, such as Products [Category].

Look at the image in “How Did It Go?” after the practice exercises below if you are not sure how
to set up the pivot table.

8. [Total Number of Products]

Use the Products lookup table when writing this measure. Just count how many product numbers there
are. Product numbers and product keys are the same thing in this example.
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9. [Total Number of Customers]

Use the Customers lookup table. Again, just count the customer numbers. Customer numbers and customer
keys are the same thing in this example.

How Did It Go?
Did you end up with the following pivot table?

A B C
Row Labels ~ Total Number of Customers Total Number of Products
2 |Accessories 18,484 35
3 |Bikes 18,484 125
4 |Clothing 18,484 438
5 Components 18,484 189
& Grand Total 18,484 397

If not, check your answers against those in Appendix A.

Note: The pivot table above is a bit confusing because [Total Number of Customers] doesn’t
seem to be correct. It is returning the same value for every row in the pivot table, and this is not
something you are used to seeing. But if you think about it, it actually does make sense. You are
not counting how many customers purchased these product categories; you are counting the
number of customers in the customer master table, and the number of customers doesn’t change
based on the product categories; the customers are either in the master table or not. (You’ll learn
more about this in Chapter 5.)

Did you get any errors that you weren’t expecting? Did you use the correct column(s) in your measures?
Remember from the tooltip above that the COUNT () function counts numbers. It doesn’t count text fields,
so if you try to count the names or descriptions, you get an error.

The COUNTROWS() Function

Let’s move on to a new function, COUNTROWS () . | personally prefer to use COUNTROWS () instead of COUNT ().
It just seems more natural to me. These functions are not exactly the same, even though they can be used
interchangeably at times. If you use COUNT () with TableName [ ColumnName] and the column is missing a
number in one of the rows (for some reason), then that row won’t get counted. COUNTROWS () counts every
row in the table, regardless of whether the columns have a value in every row. So be careful and make sure
you select the best formula for the task at hand.

Practice Exercises: COUNTROWS()

For these exercises, rewrite the two measures from Practice Exercises 8 and 9 using COUNTROWS () instead
of COUNT (). Find the solutions to these practice exercises in Appendix A.

10. [Total Number of Products COUNTROWS Version]

Count the number of products in the Products table, using the COUNTROWS () function.

11. [Total Number of Customers COUNTROWS Version]

Count the number of customers in the Customers table, using the COUNTROWS () function.
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How Did It Go?

Not surprisingly, for Practice Exercises 10 and 11, you should get the same answers you got with COUNT (),
as shown below.

A B C
Row Labels - Total Number of Customers COUNTROWS version Total Number of Products COUNTROWS version
2 |Accessories 18,484 35
3 Bikes 158,484 125
4 |Clothing 18,484 43
5 Components 18,484 189
& Grand Total 18,484 397

A Word on Naming Measures

You may have noticed that | sometimes use very long and descriptive names for measures. | encourage you
to make measure names as long as they need to be to make it clear what the measures actually are. You
will be grateful you did down the track, when you are trying to work out the fine difference between two
similar-sounding measures.

Here’s How: Changing Display Names in Pivot Tables
It is possible to change the display name of a measure once it is in a pivot table. Here are the steps:
1. Select the measure name in the pivot table (see #1 below).

2. Change the name in the formula bar in Excel (#2). Doing this does not change the name of the actual
measure, just the name that is displayed in your pivot table.

Bl 5 _f\:@ Total Number of Customers COUNTROWS version
P 1) B C

1 |Row Labels qToml Number of Customers COUNTROWS version tl'otal Number of Products COUNTROWS version

Z |Accessories 18,484 35
3 |Bikes 18,484 125
4 |Clothing 18,484 43
5 [Components 18,484 189
& Grand Total 18,484 397

3. If you have renamed your measures Total Customers and Total Products, this is what you now see:

A B C
1 |Row Labels + Total Customers Total Products
2 |Accessories 18,4584 35
3 |Bikes 18,484 125
4 |Clothing 18,484 48
5 |Components 18,484 189
& |Grand Total 18,484 397

4. After you have changed the display name, you can change it back by right-clicking on the name (see
#1 below) and selecting Value Field Settings (#2).



4:DAXTopic:SUM(),COUNT(),COUNTROWS(),MIN(),MAX(), COUNTBLANK(),andDIVIDE() 41

Total Products
434 IS ER  Copy
4z4 125 Format Cells...
484 48 Mumber Format...
44 189
asa 397 E«Eﬂ Refresh

Sort 3

»  DQuick Explore
> Remowe "Total Products”

Remove Values

Show Values s 3

Additional Actions ¥
[g ValueField Settings... @

PrvotTable Options...

Hide Field List

Additional Cell Actions ¥

Then, in the Value Field Settings dialog, you can change the custom name back to the original name by setting
the Custom Name text box to the same value as the Source Name text box above it—or any other name, for
that matter.

Value Field Settings ? e

Source Name: Total Mumber of Products COUNTROWS ver...

Custom Mame: |Total Products

summarize Values By  Show Values As
Show values as

Mo Calculation A

Base field: Base item:

Categoy

The method you’ve just seen is useful when you want a shorter name to appear in your pivot table. Some-
times the name of a measure will make sense only in certain situations (i.e., in certain pivot table layouts)
and not in other pivot tables. However, if you want to keep using a longer descriptive name but just want
to make it fit in the pivot table, you could use the VBA macro that Rob Collie has shared on his website to
automatically wrap the names so they are more readable. Just go to http://powerpivotpro.com and search
for “more readable pivots,” and you will find it. | have this VBA code on my PC and a button on the Quick
Access Toolbar to run the VBA code. This is a must-have Quick Access Toolbar button for serious Power Pivot
users. Note: If you don’t know how to use VBA tools that others make available, take a look at the blog post
| wrote on this topic at http://xbi.com.au/vba.
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The DISTINCTCOUNT() Function

DISTINCTCOUNT () counts each value in a column once and only once. If the value appears more than
once in a column, it is still counted only once. Consider the Customers table: In this case, the customer
key is unique, and by definition each customer key appears only once in the table. (Note that customer key
and customer number are the same in this case.) So in this case, DISTINCTCOUNT () of the customer key
in the Customers table gives you the same answer as COUNTROWS () of the Customers table. But if you
were to do a DISTINCTCOUNT () of the customer key in the Sales table, you would actually be counting
the total number of customers that had ever purchased something—which is not the same thing and may
or may not give the same answer.

Practice Exercises: DISTINCTCOUNT()

To practice using DISTINCTCOUNT (), create a new pivot table and put Customers [Occupation] on
Rows in the pivot table and [Total Sales] on Values. Then write the following measures using DISTINCT-
COUNT () . Find the solutions to these practice exercises in Appendix A.

12. [Total Customers in Database DISTINCTCOUNT Version]

You need to count a column of unique values in the Customers table. Go ahead and write the measure now.
When you are done, add the [Total Number of Customers] measure you created earlier to the pivot
table as well. You should end up with a pivot table like the one below.

Total Customers in

L Total Number of
Total Sales Database Distinctcount

. Customers

Row Labels [~ version

Clerical 54,684,737 2,928 2,928
Management 55,467,862 3,075 3,075
Manual 52,857,971 2,384 2,384
Professional 59,907,977 5,520 5,520
skilled Manual 56,440,081 4,577 4,577
Grand Total 520,358 677 18,484 18,484

How Did It Go?

Did you get the same answer as above in the new measure? Did you remember to format the measure to
something practical (e.g., a whole number with thousands separator)?

13. [Count of Occupation]

Create a new pivot table and put Customers[YearlyIncome] on Rows in the pivot table. Then create the
measure [Count of Occupation].

Use DISTINCTCOUNT () to count the values in the Occupation column in the Customers table. You end
up with a pivot table like the one shown below left. The way to read this pivot table is that there are custom-
ers in three different occupations that have incomes of 10,000, there are customers across four occupations
that have incomes of 30,000, etc. (You'll learn about the conditional formatting shown below right in the
next “Here’s How.”)

Row Labels | ~ | Count of Occupation  Row Labels ~ | Count of Occupation

10000 3 10000 3
20000 3 20000 3
30000 4 30000 4
40000 4 40000 4
50000 3 50000 3
60000 3 60000 3
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Here's How: Applying Conditional Formatting

It is much easier to read a pivot table if you apply some of the “out of the box” visualisations from standard
Excel; for example, compare the pivot table above left with the conditionally formatted version above right.
| am sure you agree that it is much easier to read the insights from the table on the right.

Next, | show you how to apply conditional formatting in a pivot table, step by step. If you do it the way |
describe here, the formatting will be applied to the entire pivot table, and the formatting will update when
the pivot table grows and shrinks. If you just select the cells and apply formatting directly to individual cells
or groups of cells, the formatting will not update when the pivot table changes shape.

Follow these steps to apply this type of conditional formatting:
1. Highlight one of the cells that you want to receive the formatting (see #1 below).

2. Onthe Home tab in Excel, click Conditional Formatting (#2), Data Bars (#3) and select the visualisa-
tion effect you want to use (#4).

Review View Developer Power Pivot Analyze Design Q' Tell me what you want to do
' —¥|
r =¢ Wrap Text Murmber - -- g—"] "?.J ‘ﬁ-‘ EE: [
= Merge & Center ~ $ T €0 00 Conditional Formatas Cell Insert Delete Format
Formatting = Table~ Styles - - - -
lignment ] Mumber P _l Cells
Highlight Cells Rules
) Highlig
1 | Top/Bottom Rules »
H I ] o] — M O
== Gradient Fill
Row Labels ~ Count of Occupation &-| DataBars @ ¢ R -1 )
10000 Q) s - : T/ -
20000 3 —| Color Scales »
| = | = | ==
30000 4 : - -
_ : = m-
10000 N :=| lconSets > | Solid Fill
50000 3
-] = -
&0000 3 ] Mew Rule... . S it
|- i
70000 3 EZ Clear Rules k - e s
20000 2 [E] Manage Rules... : _.'-_ =
90000 3
100000 2 More Rules...
110000 2
120000 2
130000 2
150000 2
160000 2
170000 2
Grand Total 5
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3.

Row Labels - Count of Occupation

10000
20000
30000
40000
50000
60000
J0000

4.

Click the formatting popup box that appears.

Note the
popup box

(ST T R K R O =Y

You are presented with three options for applying the formatting:
The first option is just for the current cell (see #1 below).

The second option allows you to apply the formatting to every row in the table and the grand total
(#2). You should use this option only if the data in the rows and the grand total are similar in size and
scale. For example, if your grand total has a value of 10,000 and the individual rows in the pivot table
have a maximum value of 500, then this second option will not give you very useful results. A good
example of when to use this second option is for “percentage change” measures.

The third option is the one you should use most often (#3). It applies the formatting to the rows only
and not to the grand total. Why the third option is the best choice will make more sense when you
get to some of the other examples later in the book.

Row Labels | = Count of Occupation

10000
20000
30000
40000
50000
60000
70000

3 [

3 Apply formatting rule to ..

a

a Selected cells B_J

3 0 All cells showing "Count of Cccupation” values @

3| O All cells showing "Count of Occupation” values for "Yearlylncorme" @
3

Using well-placed conditional formatting is a great way to make your pivot tables easier to read and make
the insights jump out, as shown below.

Row Labels | = | Count of Occupation

10000
20000
30000
40000
S0000
e0000
70000
20000
S0000

100000
110000
120000
130000
150000
160000
170000
Grand Total

[Ei

AR R R RORRR W W W o oW e s w
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Practice Exercises: DISTINCTCOUNT(), Cont.

The following exercises give you more practice using DISTINCTCOUNT () . Find the solutions to these practice
exercises in Appendix A.

14. [Count of Country]

Create a new pivot table and put Territories [Group] on Rows. Write a new measure called [Count
of Country], using DISTINCTCOUNT () over the Country columninthe Territories table. The pivot
table below shows you how many countries exist in each sales group.

Row Labels | = Count of Country
Europe

MNA

Morth America
Pacific

Grand Total

b IR T LS R

15. [Customers That Have Purchased]

Create a new pivot table and put Products [SubCategory] on Rows. Then, using DISTINCTCOUNT () on
data from the Sales table, create the new measure [Customers That Have Purchased].

If you haven’t already done so, apply some conditional formatting to the pivot table, using the technique you
learnt in the previous section, and then sort the column from largest to smallest. You can see below that Tires
and Tubes has the largest number of customers that have purchased at least once.

Row Labels - Customers That Have Purchased

Tires and Tubes - 8,490
Road Bikes [ | 6,397
Helmets - | 5,960
Bottles and Cages .:| 4,543
Mountain Bikes [ ] 4,089
lerseys .:| 3,192
Touring Bikes [ | 2,143
Caps B 2,132
Fenders I:| 2,110
Gloves B 1,376
Shorts ] 1,019
Cleaners D 875
Hydration Packs |:| 719
Socks B 559
Vests B 557
Bike Racks i 325
Bike Stands ] 243

Grand Total 18,484
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Earlier in the chapter | explained the options to apply conditional formatting to just the rows in the pivot
table or the rows and grand total. The conditional formatting in the pivot table above has been applied to the
rows only. If | applied the conditional formatting to the grand total as well, the bar in the grand total would
be significantly longer than all of the other bars in the pivot table, as you can see in the pivot table below.

Row Labels -t Customers That Have Purchased

Tires and Tubes -:|
Road Bikes .:|
Helmets .:|
Bottles and Cages .:|
Mountain Bikes I:|

Jerseys
Touring Bikes
Caps
Fenders
Gloves
Shorts
Cleaners
Hydration Packs
Socks

Vests

Bike Racks
Bike Stands

5,430
6,397
5,960
4,548
4,089
3,192
2,143
2,132
2,110
1,376
1,013
875
719
559
357
325
243

I====EDDDDDDD

Grand Total

18,484

When you apply this formatting to the grand total, it often makes the conditional formatting harder to read.
This is why you normally want to select the third option for applying conditional formatting (see #3 below),
particularly in the case where the grand total is an aggregation of the row items above.

Row Labels -l Customers That Have Purchased
Tires and Tubes - 8.49-d| '|
Road Bikes 6,397
Helmets HE | 590
Bottles and Cages -:| 4,548 ©
Mountain Bikes [ | 4,089 ©
Jerseys B 3,192 &
Touring Bikes [ | 2,143
Caps B 2,132
Fenders l:| 2,110
Gloves | 1,376
Sharts | 1,019
Cleaners D 875
Hydration Packs [ 719
Sacks [ 559
Vests [ 557
Bike Racks ] 325
Bike Stands ] 243
Grand Total 18,484

Apply formatting rule to ...

Selected cells 9)

All cells showing "Customers That Have Purchased” values g_)

All cells showing "Customers That Have Purchased” values for "SubCategory” B_‘

This third option only applies
formatting to the rows, not the
Grand Total

Now put 'Calendar' [CalendarYear] on Columns in your pivot table and notice how the pivot table
changes. If you applied the conditional formatting as described in this section, the conditional formatting will
“stick” to the pivot table, and it will automatically update as the shape of the pivot table changes.
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Customers That Have Purchased Column Labels =

Row Labels -l 2001 2002 2003 2004 Grand Total
Tires and Tubes B 5,766 51478 8,490
Road Bikes K gaol | 2,062 | 2,558 2,369 0 6,397
Helmets Fl 2591 1,617 5]960
Bottles and Cages ] 1903 ] 2,744 0 Ja548
Mountain Bikes | 172 6150 19610 2,004 | 4,089
Jerseys I 13160 1,920 ] 3,192
Touring Bikes [ s2all 133201 2143
Caps [ arall 12200 ] 2,132
Fenders I sl 12361 2110
Gloves [ se7ll  s29f] 1376
Shorts | ass|  szal] 1,019
Cleaners | 376  so9ll 875
Hydration Packs | 300 a4zl 719
Socks | 246 | 317 559
Vests | 205 | 354 || 557
Bike Racks | 136 191] 325
Bike Stands | 117| 129 | 243
Grand Total 1,013 2,677 9,309 11,377 18,484

Tip: When you wrote this measure, did you remember to select the Sales table as the location
to store it? Best practice says to put the measure in the table the data comes from.

Practice Exercises: MAX(), MIN(), and AVERAGE()

MAX (), MIN (), and AVERAGE () are aggregators; that is, they take multiple values as input and return a
single value to the pivot table. Create the following new measures. You should use the columns of data in the
Sales table for these exercises. There are some additional pricing columns in the Products table, but these
prices are only theoretical prices, or “list prices.” In this sample data, the actual price information related to
the transaction is stored in the Sales table.

Find the solutions to these practice exercises in Appendix A.

16. [Maximum Tax Paid on a Product]

Remember to use a suitable column from the Sales table and use the MAX () function.

17. [Minimum Price Paid for a Product]

Again, use a suitable column from the Sales table but this time use the MIN () function.

18. [Average Price Paid for a Product]
Again, use a suitable column from the Sales table but this time use the AVERAGE () function.
You should end up with a pivot table like the one shown below.

Maximum Tax Paid Minimum Price Paid Average Price Paid

Row Labels ~ on a Product for a Product for a Product

Accessories 512.72 52.29 519.42
Bikes 5286.26 5539.99 51,862.42
Clothing $5.60 $8.99 $37.33
Grand Total $286.26 $2.20 $A86.00

Note: Notice that when you add these measures straight to a pivot table, you get immediate
feedback about whether your measures look correct. This is only a sense check, and you should
of course confirm that your formulas return the correct answers as part of the process.
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Understanding When Measures Are Added to a Pivot Table
Automatically

By now you have probably seen that new measures you write automatically appear in your pivot table. For
this to happen, two things must be true. First, you must select the pivot table before you start to write your
measure. Second, you must save the measure without creating an error on save. If you forget to click the
Check Formula button and save your measure and it creates an error, the measure will not be automatically
added to your pivot table when you go back and fix the error. If this happens, you need to manually add the
measure later, as described next.

Here’'s How: Manually Adding a Measure to a Pivot Table

Follow these steps to add a measure to a pivot table:

1. Click anywhere inside the pivot table.
2. Inthe PivotTable Fields list, locate the measure you want to add and then click in the check box next
to the measure to add it to the pivot table.

If you can’t find the measure, it is most likely that you forgot to select the correct table for storing your mea-
sure when you wrote the measure. Check in the other tables in the PivotTable Fields list to see if you can find
it. If you have put the measure in the wrong table, you just need to move the measure to the correct table,
as described next. You can also use the search box at the top of the PivotTable Fields list to find a measure.

Here's How: Moving an Existing Measure to a Different
Table

Follow these steps to move a measure to a different table:
1. Inthe Excel window, navigate to the Power Pivot menu.
2. Select Measures, Manage Measures.
3. Select the measure in the list and then click Edit.
4. Select the Table Name drop-down at the top of the Measure dialog and then select the correct table
from the list.
5. Click OK to save your changes.

Practice Exercises: COUNTBLANK()

In the following exercises, you’ll use the COUNTBLANK () function to create a measure to check the com-
pleteness of the master data.

Create a new pivot table and put Customers [Occupation] on Rows. Then start to write the new measure.
In these exercises, you need to create measures to find out two things:

e How many customers are missing Address Line 2 from the master data?
e How many products in the Products table do not have a weight value stored in the master data?

Find the solutions to these practice exercises in Appendix A.

19. [Customers Without Address Line 2]

The Address Line 2 columnisin the Customers table. As you write the measure [Customers Without
Address Line 2], be sure you do the following:
1. Select the table where you want to store the measure.

2. Give the measure a suitable name.

3. Start typing the measure in the formula box. Pause after you have started to type the formula and
read the IntelliSense to see what the formula does (if you don’t already know). As shown below, it
does exactly what you want it to do: It counts how many blanks are in this column.
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Measure ? *

=

Table name: |Custorners

Before you press the TAB or
Measure name: |Cust0rners without Address Line 2 open pargnthesiS, read the
Intellisense description of what
this formula coes.

Description: |

Formula: fx

Farmatting Options

Categary:

| Whole Number j

Cumrency
Date
TRUE/FALSE [¥ Use 1000 separator [ )

4. Complete the formula, apply the formatting, check the formula, and then save.

20. [Products Without Weight Values]

The column you need to use is in the Products table. You should end up with a table like the one shown
below.

Customers Products

Without Address Without Weight
Row Labels |~ Line 2 Values
Clerical 2,878 122
Management 3,007 122
Manual 2,350 122
Professional 5,440 122
Skilled Manual 4,497 122
Grand Total 18,172 122

Note that the first measure, [Customers Without Address Line 2], is being filtered by the pivot table
(i.e., Customers [Occupation] on Rows), and the values in the pivot table change with each row. But the
second measure, [Products Without Weight Values], is not filtered; the values don’t change for each
row in the pivot table. You have seen this earlier in this book. The technical term for filtering behaviour in
Power Pivot is filter context. Chapter 5 provides a detailed explanation of what filter context is, and that will
help you understand what is happening here and why.

The DIVIDE() Function

DIVIDE () is a simple yet powerful function that is also known as “safe divide.” DIVIDE () protects you
against divide-by-zero errors in your visuals. A pivot table, by design, hides any rows or columns that have
no data. If you get an error in a measure inside a pivot table, it is possible that you will see lots of rows that
you would otherwise not see, and you will possibly also see some error messages. The DIVIDE () functionis
specifically designed to solve this problem. If you use DIVIDE () instead of the slash operator (/) for division,
DAX returns a blank where you would otherwise get a divide-by-zero error. Given that a pivot table will filter
out blank rows by default, a blank row is a much better option than an error.

The syntax is DIVIDE (numerator, denominator, optional-alternate-result) . If you don’t specify the alternate
result, a blank value is returned when there is a divide-by-zero error.
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Practice Exercises: DIVIDE()

In these exercises, you need to create the pivot table shown below.

Row Labels ~ Total Sales Total Margin$ Margin% Markup % Tax%

Accessories 5700,760 5438,675 52.6% 167.4%  8.0%
Bikes 528,318,145 511,505,797 40.6% 68.4% 8.0%
Clothing 5339,773 5136,413 40.1% 67.1% 8.0%
Grand Total 420,358 677 $12,080,884 41.1% 60.9% B.0%

Start with a new blank pivot table and put Products [Category] on Rows. Thenadd [Total Sales] and
[Total Margin $] to the pivot table so you have some data to look at. This helps set the context for the new
measures you will write next. Write the three measures by using DIVIDE () and add them to the pivot table.

Find the solutions to these practice exercises in Appendix A.

21. [Margin %]

Write a measure that calculates the percentage margin on sales (Total Margin $ divided by Total Sales).
Reuse measures that you have already written.

Note: This is a duplicate of a measure, called [Total Margin %], that you already wrote at the
start of this chapter (see Practice Exercise 4). This time write the formula using the DIVIDE ()
function but give it the name [Margin %]. The result will be the same, of course.

22. [Markup %]

Find [Total Margin $] divided by [Total Cost].
23. [Tax %]

Divide the total tax by the total sales.

How Did It Go?

Did you format the results with Category set to Number and Format set to Percentage? These formatting
options are a bit hard to find. The dialog below shows how you set these options.

Formatting Opticns

Category:

Format: | Percentage ﬂ

Decimal places: 1 El:

Date
TRUE/FALSE [ Use 1000 separator )
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5: Concept: Filter Propagation

Filter propagation is one of the most important things you must learn and understand in order to be skilled
at using Power Pivot. Let’s start with an example. In Chapter 4 we looked at the COUNT () function and saw
some strange behaviour with the [Total Number of Customers] measure. You need to understand the
process of filter propagation before you can truly understand what is happening there.

Consider the following pivot table.

Row Labels |~ Total Mumber of Customers Total Number of Products

Accessories o:] 15,484 33
Bikes 18,484 125
Clothing 18,434 48
Components 18,484 139
Grand Total 18,484 397

[Total Number of Products] in this pivot table is displaying a different value for each product category
(i.e., each row in the pivot table has a different number of products), but the value for [Total Number of
Customers] is the same for each product category in the pivot table. The technical reason this happens is
that the row labels in the pivot table (see #1 above) are “filtering” the products in the Products table in
the data model before this measure is evaluated. But these same rows (product categories) are not filtering
the Customers table at all.

A pivot table “filters” data and then displays subtotals for each row in the pivot table; that’s what it’s designed
to do. The filtering applied to a pivot table is called the initial filter context—initial because it is possible to
change the filter context later by using the CALCULATE () function. (I cover this in depth in Chapter 9.) So
the initial filter context is the standard filtering coming from a pivot table before any possible modifications
are applied from DAX formulas using CALCULATE ().

The initial filter context comes from four areas of a pivot table:
e Rows (see #1 below)
e Columns (#2)
o Filters (#3)
e Slicers (#4)

Class All @ - Size B,- =
Total Sales Column Labels - a) 38 "
Row Labels ~ | Accessories Bikes Clothing Grand Total an

Black $72,954 98,659,117  $106,341 58,838,412

Blue @) 74,354 $2,169,056  $35,687 $2,279,096 42

Multi 8106471  $106,471 a4

MNA §435,117 5435117 16

Red 578,028 57,646,303 57,724,331

Silver $10,308 $5,073,081 45,113,389 48

White 55,106 45,106 =

Yellow 84,770,588 486,168 4,856,756

Grand Total $700,760 $28,318,145  $339,773 $20,358,677 =




52 Supercharge Excel

Reading the Initial Filter Context

Let’s look again at the sample pivot table, which first appeared in Chapter 4 and is shown again below. It
shows [Total Number of Customers] and [Total Number of Products]:

A B C
Row Labels ~ Total Number of Customers Total Number of Products
2 |Accessories 18,484 35
3 |Bikes 18,484 125
4 |Clothing 18,484 48
5 Components 18,484 189
& Grand Total 18,484 397

Let’s step through the process of reading the initial filter context from this pivot table. Before we do that,
though, you should add the [Total Sales] measure to the pivot table so it looks as shown below.

Row Labels| = | Total Number of Customers Total Number of Products Total Sales

Accessories 18,484 a5 | 5700,760

Bikes 18,484 125 528,318,145
Clothing 18,484 43 5333,773
Components 18,484 189

Grand Total 18,434 397 529,358,677

Then point to the cell that’s highlighted above and say this out loud (really): “The initial filter context for this
cell is Products [Category] = "Accessories".” Then point to the cell underneath the highlighted cell;
this cell has an initial filter context of Products [Category] = "Bikes". You can figure out the rest based
on this pattern. It is important that you learn to “read” the initial filter context from your pivot tables because
it will help you understand how each value in each cell in a pivot table is calculated. And it is important to
refer to the full table name and column name because that forces you to look, check, and confirm exactly
which tables and columns you are using in your pivots.

Understanding the Flow of the Initial Filter Context

Once you know what the initial filter context is, you can mentally apply the following steps to your data model
and track how the filters flow (propagate) through relationships:

¢ The initial filter context coming from the pivot table is applied to the underlying table(s) in the data
model. In this example, there is just one table involved, the Products table (see #1 below), where
Products [Category] = "Accessories". The Products table is filtered so that only rows in
the table that are equal to Accessories remain; all other rows are filtered so that they are not in
play. (Note that the initial filter context can impact more than one table, but in this example, it is just
the one table.)

e The filter applied to the Products table automatically propagates through the relationship(s) be-
tween the tables, flowing downhill to the connected table(s) (see #2 below). The filters automatically
flow from the “one” side of the relationship to the “many” side of the relationship, in the direction
of the arrow; or you can think of the filters as flowing from the lookup table to the data table. This is
one of the reasons it is good to lay out tables using the Collie layout methodology—with the lookup
tables above and the data tables below. This mental cue helps you instantly visualise how automatic
filter propagation works as you can consider them as flowing downhill. (Reread “Shaping Data” in
Chapter 2, if necessary.)

e The connected table, the Sales table, is then also filtered (see #3 below). (Remember that there can
be more than one connected table.) Only the products that are of the type Products [Category]
= "Accessories" remain in play in the Sales table, too, and all the other products are filtered
away. This is just temporary—just for this calculation of this one single cell in the pivot.
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T Customers T Prodiscts g) T Territories

T Customer ey T Mroductiey
T GeographyXey

[ Torritory Key

T Prod 5 L m
7 DayNumberofweck uctSutratego Reglon

M Dayhame
M DayNumberOfMonth

= Ml smdsned s ns

71 Mame T ProductMams [0 Country
T Bithbate 7 StandardCot T Group
T MaritalStatus T Colar

M Productiey

T OnderDate

T OrderDateiey

T Customerkiey

T SalesTorritoryKey
M SalesDederNumber

After all the automatic filter propagation has been completed, then and only then does the measure get
evaluated. In this case, the measure is [Total Sales] =SUM (Sales [ExtendedAmount]). It returns the
value $700,760 to the single pivot table cell we started to look at in this example. This process is repeated for
every single cell in the pivot table, including any subtotal and grand total cells.

Simulating What Has Happened Here

I’'m going to belabour my point about filter context to ensure that it is clear. A useful simulation is to go to the
Power Pivot window, click on the drop-down filter on the Products [Category] column (see #1 below),
and select the Accessories filter (#2).

m Home Dresign Advanced

== Paste Append | Iy r_] Ty =1y Iy L:T Data Type: =
= Al 7~
2 Paste Replace L & L < 3 S > Format
Paste e Fram  From Data From Other  Existing Refresh  PrvotTable
=3 Copy Dratabase~ Semvice=  Sources Connections - - 2
Clipboard Get External Data Formatting
[Categary]l =+ Components o

ﬂ = class [=] madelMame [=

Description | = StartDate |~ || EndDate [+ Category |+

45 L LLMountain H... All-purpose | soriatoz . Handle
4 L LL Mountain H... Il SortZtoA ' Handle
M ML Mountain ... Claar Sart From "Category” Handle
M ML Mountain ... Clear Filter From “Category® . Handle
B H HL Mountain H... " Handle
2 H HL Mounitain H... Text Filters * | Handle
5 L LL Road Handl... .-:-!;_ﬂSElect All) ' Handle
4 L LL Road Handl... J ¥ ACCessories - Handle
M ML Road Handl... @ O Bikes | Handle
M ML Road Handl... | Clothing ' Handle
8 H HL Road Handl... | Components ' Handle
 H HLRoad Hand.. Des  Handle
4 L LL Touring Han... ;_ Handle
H HL Touring Han... cancel | | Handle
Chain " Chains
L Rk Stoutdeslgn... 01/07/2002 .. 30/06/200... Components orks
[¥] ML Fork Composite ro... 01/07/2002... 30/06/200... Components Forks
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After you do this, you can see how many rows in your table are left after the filter in the record locator in the
bottom-left corner of the Power Pivot window. In this case, the list of products gets filtered from 397 down
to just the 35 accessories.

Design Advanced

Paste &Append |:B« _m D D D (.T Data Type: T
Paste Replace 'ﬁ; '(:)' Format : Text
Paste _ From From Data From Other  Existing Refresh  PivoiTable
EE Copy Database ~ Service ™  Sowurces  Connections - -
Clipboard Get External Data Format
[Category] - Accessories
40 ... 0 BT e Blocoric: Bl Blonae @
1 Accessories | Hitch Rack -4-... Carries 4 bike... 01/07/2003 ...
2 54 Accessories | All-Purpose Bi... Perfectall-pu... 01/07/2003 ...
3 394 Accessories | Water Bottle AWC logo wat... 01/07/2003 ...
4 394 Accessories | Mountain Bott... Tough alumin... 01/07/2003 ...
5 394 Accessories | Road Bottle Ca... Aluminum ca...  01/07/2003 ...
&6 .77 Accessories | Bike Wash Washes off th... 01/07/2003 ...
7 188 Accessories | Fender Set- M... Clip-onfende... 01/07/2003 ...
g 365 Accessories | Sport-100 Universal fit, ... 01/07/2001... 30/06/200...
9 365 Accessories | Sport-100 Universal fit, ... 01/07/2002... 30/06/200...
10 394 Accessories | Sport-100 Universal fit, ... 01/07/2003 ...
11 365 Accessories | Sport-100 Universal fit, ... 01/07/2001... 30/06/200...
12 365 Accessories | Sport-100 Universal fit, ... 01/07/2002... 30/06/200...
13 394 Accessories | Sport-100 Universal fit, ... 01/07/2003...
14 365 Accessories | Sport-100 Universal fit, ... 01/07/2001... 30/06/200...
15 365 Accessories | Sport-100 Universal fit, ... 01/07/2002... 30/06/200...
16 394 Accessories | Sport-100 Universal fit, ... 01/07/2003 ...
17 394 Accessories | Taillight Affordable lig... 01/07/2002... 30/06/200...
18 394 Accessories |Headlights-D Rechargeable... 01/07/2002... 30/06/200...
<
Calendar | Customers | Products | Sales | Territories

Note: When you manually apply filters like this in the Power Pivot window, there is no impact at all
on your pivot tables. The manual filtering simulation described here is purely to help you visualise
and understand your data so you can understand how the data model works. Use this technique
when you are trying to debug your formulas. Also, note that when you apply this manual filter to
a lookup table, there is no automatic filter propagation to the data tables.
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Understanding Filter Propagation

Let’s look at another cell in the pivot table. You always evaluate each cell on its own, without regard for any
other cell in the pivot table, even if the cell is a subtotal or grand total cell. All cells are evaluated using the

same process, without regard for any other cell in the pivot table.

Look at the pivot table below and read the initial filter context for the highlighted cell out loud: “The initial

filter context for this cell is Products [Category] = "Clothing™.”
Row Labels ~ Total Number of Customers Total Number of Products Total Sales

Accessaories 18,484 35 5700,760
Bikes 18,484 125 528,318,145
Clothing 48 5339,773
Components 13,4584 189

Grand Total 18,484 397 $29,358,677

The initial filter context filters the tables in your data model as follows:

—

The initial filter context is applied to the table(s)—in this example Products [Category] = "Cloth-
ing". The Products table (see #1 below) is then filtered so that only rows in the table that are
equal to Clothing remain.

This filter automatically propagates through the relationships that exist between the tables, flowing
downhill only to the connected table(s) (#2).

The connected table (Sales in this example) is then also filtered so that the same products in the
Products table will remain in the Sales table (i.e., only clothing products will be unfiltered in the
Sales table) (#3).

The filter applied to the Sales table does not automatically flow back uphill to the Customers ta-
ble (or to the other two tables, for that matter) (see #4 below). Filters only automatically propagate
through the relationships downhill from the “one” side of the relationship to the “many” side. The
arrow (#4) indicates that the filters do not flow from the Sales table to the Customers table.

T Customsars 1 Prodiscts gj T Territories

™ Customeroy 0 Productiey 1 Torritory ey
T Geographyley O ProductSubcatego._ [T Reglon

T Name T ProductName [0 Country

™1 BirthDate ™ StandardCo [T Group

T MlaritalStatus T Color

Cayhumberdfiweck

Drayame
DayNumbsesOfhonth

P b inri b d U 1

©)
M Productiey
T OrderDate

T OrderDateRey
O Custome: Koy
T SalesTerritorykey
T SalesDrderNember

So, the net resultis that the Customers table is completely unfiltered by the initial filter context coming from
the pivot table. Because the Customers table is unfiltered, the total 18,484 is returned to the pivot table in
this cell (and the same is true for every other cell for this measure in the current pivot).
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Even if this doesn’t seem right to you yet, realise that it is working as designed. Understanding gives you
power, so stick with it until you are clear about how it works. Read this section a few times if you need to.
You will learn to love the way it is designed and will learn to make it work for you.

Tip: You simply must understand how filter propagation works in Power Pivot, or you will never
be really good at writing DAX. | suggest that you read this chapter multiple times, if necessary, to
make sure you are clear about it.

Adding Relationships Where Needed

It is quite likely that you will now have a warning message from Excel, suggesting that a relationship may be
needed. This warning may pop up above the PivotTable Fields list whenever Excel detects that the filter con-
text in your pivot table is not filtering your measures. In the example above, the initial filter context from the
Products table (Products [Category] on Rows) is not filtering the [Total Number of Customers]
measure. Power Pivot realises that this might be a mistake and sends you a warning message.

If you can’t see the message at this point, try removing the [Total Number of Customers] measure and
then adding it back again, and you should get the warning shown below.

PivotTable Fields MR

Active All

Choose fields to add to report: =

Relaticnships between tables may be
needed.

Auto-Detect... CREATE...

Search =
4 - Customers

Drag fields between areas below:

Filters Columns
= Values -
Rows Z Values
Category i Total Numb... = |+

Total Numb... = |
Now sometimes this warning is valid, but in my experience, there are as many false warnings as there are
valid warnings, particularly as you write more complex DAX. If you see this message, take a look at your pivot
table and data model and decide whether the warning is valid. If you are missing a relationship between ta-
bles, then you can go ahead and create that relationship in the Power Pivot window. If you are not missing a
relationship, then you can just close this warning by clicking the X. In Excel 2010 you can turn off this warning
message prompt, but unfortunately that is only possible in Excel 2010.

Tip: My advice is to never click the Create button in this warning box. If you do click it, Power Pivot
tries to work out what is wrong, and it may even automagically fix it. But if that happens, you will
have no idea what Power Pivot is doing, and it may or may not be the correct fix for the problem.
Either way, it is much better to investigate on your own because doing so will help you improve
your understanding of how filter propagation works, and this will make you more confident about
ignoring false warnings in the future.
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6: Concept: Lookup Tables and Data Tables

All the sample and exercise data in this book so far has been prepared for you; there has been nothing for
you to do except follow the instructions. But the simplicity of following my instructions shields you from a
deep and important topic: how you should structure the tables of data that you load. This chapter covers the
various types of tables you can load into Power Pivot.

This topic is easy to skim over and dismiss as trivial, but in my experience, it is one of the easiest things to
get wrong, particularly if you don’t know why it is important or how to do it properly. If you get the table
structure wrong, then everything else becomes orders of magnitude harder.

Tip: Don’t brush off this chapter as unimportant. | touched on this topic earlier in the book and
revisit it again here; you can’t hear this too many times. You need to know this stuff if you want
to proceed with speed and confidence, using your own data.

Data Tables vs. Lookup Tables

Two main types of tables can be loaded into Power Pivot: data tables (also called fact tables, or transaction
tables) and lookup tables (also called dimension tables, reference tables, or master data tables). These two
types of tables have some very important differences, as described in the following sections.

Data Tables

Although data tables don’t have to be the largest tables loaded into Power Pivot, they typically are. The Sales
table used in this book is a transactional table that contains details of individual transactions that occurred in
AdventureWorks retail outlets around the world. Every row in this table represents a line item on a register
receipt for an individual shopping transaction. Data tables can consist of millions (or even billions) of rows of
data. Some examples of data tables include Sales, Budget, Exchange Rates, General Ledger, Exam
Results, and Stock Count.

There is no limitation on how often similar transactions can occur and be stored in a data table. Consider
the AdventureWorks business. There could be literally hundreds of transactions each day that are all but
identical because the same bike model can be sold many times on any given day. In this event, there will be
many transactions with the same date and the same product code (relating to the bike model that was sold).

Lookup Tables

Lookup tables tend to be smaller than data tables (with fewer rows) and often can be wider (with more
columns). Some examples of lookup tables include Customers, Products, Calendar, and Chart of
Accounts.

Lookup tables have a special feature that makes them different to data tables: A lookup table must have an
identifying code of some type to uniquely differentiate each row in the table. This unique code is often called
a key (or primary key, in the database world). Let’s consider the Products table used in this book. Adven-
tureWorks sells lots of different products—397 to be precise. Each of these products has a unique product
code, a three-digit number that is unique for that product. For example, ProductKey 212 is a Sports 100
Helmet, Red. No other product in the Products table has the same code. If you think about it, this is the
way it has to be; there would be chaos if a business used the same product code for different products. The
same is true for customers and store ID numbers. In fact, the same is true for the Calendar table, given that
the date field is a unique ID for each day in the calendar.

Flattened Tables

A good way to help you understand the importance of table structure and the different approaches you can
take to loading data is to talk about single large flattened tables. In the early days of Excel pivot tables (before
Power Pivot for Excel), you could only create a pivot table on top of a single table of data. If you wanted to
do some analysis over a table full of sales data, you could use a pivot table to aggregate the data.
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In the image below, the pivot table (see #2 below) has been built on the Sales table (see #1 below), and the
pivot can easily add up the total sales for each of the products, as identified by the ProductKey.

Row Labels -T|Total Sales o ProductKey nﬂrdel{)ale HCmtmtey HSalesTenilﬂqcley n ExtendedAmount n

592 425,425 592 03/06/2004 13035 9 564.99
593 Q/J 22,035 592 03/06/2004 16684 9 564.99
594 28,250 465 03/06/2004 11965 9 24.49
585 $27,120 479 04/06/2004 16730 9 8.99
596 25,920 482 04/06/2004 13643 9 8.99
597 26,460 595 06,/06/2004 13036 9 564.99
598 $31,319 489 07/06/2004 18715 9 53.99
599 30,239 491 08/06/2004 19573 9 53.99
600 $22,140 483 08/06/2004 13634 9 120
604 $194,396 434 09/06/2004 13668 9 7.95
605 196,016 463 09/06/2004 12351 9 24.49
606 208,436 541 09/06/2004 19623 9 28.99
Grand Total 837,755 578 09/06/2004 14262 9 1214.85

439 10/06/2004 17059 9 53.99

That is all well and good until your report needs some extra data that is not part of the Sales table. In the
image above, what would happen if you wanted to know the total sales by name of product, or the product
category, or the subcategory—or anything else for that matter? Well, in the old days, you would find a Prod-
ucts table somewhere, and then you would write a VLOOKUP () (or INDEX () /MATCH () ) to go and fetch
the extra columns of data that you needed for your reporting and bring it into the single Sales table. From
there you could use the new columns in your pivot tables. This process of bringing in the missing columns is
called de-normalising. After you have de-normalised, your Sales table ends up looking something like the
one below (but of course it would be much bigger if you needed more columns).

Mountain Bikes Silver 564.99

592 3/06/2004Bjke Mountain-500 Silver, 42 Mountain Bikes Silver 564.99
465 3/06/2004 Clothing Half-Finger Gloves, M Gloves Black 24.49
479 4/06/2004 Accessories Road Bottle Cage Bottles and Cages NA 8.99
482 4/06/2004 Clothing Racing Socks, L Socks White 8.99
595 6}’06}'20M0untain-500 Silver, 52 Mountain Bikes Silver 564.99
439 7/06/2004 Clothing Short-Sleeve Classic Jersey, M Jerseys Yellow 53.99
491 8/06/2004 Clothing Short-Sleeve Classic Jersey, XL Jerseys Yellow 53.99
433 8/06/2004 Accessories Hitch Rack - 4-Bike Bike Racks MNA 120
484 9/06/2004 Accessaries Bike Wash - Dissolver Cleaners NA 7.95
463 9/06/2004 Clothing Half-Finger Gloves, 5 Gloves Black 24.49
541 9/06/2004 Accessaries Touring Tire Tires and Tubes NA 28.99

Do you spot the issue with the table above? One problem with a table like this is the duplication of data.
Note how the different product categories are repeated all the way down the Category column. The reality
is that for small tables of data (including lookup tables), such repetition doesn’t really matter much because
the overall file size will be quite small. However, if the table becomes large (millions or billions of rows), then
adding all these extra columns of information can become a big problem (literally). In the old days, you had
to bring all the relevant columns into the one table by writing one or more VLOOKUP () columns to fetch the
extra columns needed. Power Pivot is built differently, though. It doesn’t require you to bring all the columns
into the one table, and this makes everything easier and more efficient. A second problem is that a single
table can become very wide as you add more and more columns of data. In Power Pivot, a table that is large
(lots of rows) and wide (lots of columns) is very troublesome indeed.

Note: The Power Pivot data modelling engine is a columnar database that compresses the data
it loads. The details behind this are quite technical and beyond the scope of this book. However,
there are a couple of key points you should be aware of. The more unique values in a column, the
less the data will be compressed. In addition, the number of columns you have in your data tables
is much more important than the number of rows; that is, fewer columns and more rows is better
than more columns and fewer rows. This is particularly true for large tables.



6: Concept: Lookup Tables and Data Tables

Joining Tables by Using Relationships

A better approach to solving the problem of repetitive data is to keep the repeating data in separate tables. In
the case of products, there is only one column of information that is needed in the Sales table to uniquely
identify every single product, and that is the product code (ProductKey). If the Sales table contains the
unique product key, it is possible to fetch any extra information needed from a product master table when
it is needed. So rather than require you to write a VLOOKUP () to go and bring the product information into
the Sales table, Power Pivot allows you to load both tables into the data model and create a single rela-
tionship between them. Once the relationship has been created, the tables work together as if they were a
single unit, without requiring you to inefficiently create duplicate data in the Sales table or unnecessarily
add additional columns to the Sales table.
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As mentioned briefly in Chapter 2, the structure of the tables and any relationships between them in a data
model is sometimes referred to as a schema. There are a few different classes of schemas, and the following
sections cover the most common types.

Star Schema

The image below shows the star schema structure used in this book. The Sales table (see #1 below) is a
data table and is located at the centre of the star. The other tables (#2, #3, #4, and #5) are lookup tables and
are shown as points on the star. This structure is called a star schema due to its shape.
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However, as you learnt in Chapter 2, you can reposition the tables any way you choose, and | recommend
using the Collie layout methodology, as shown below. You can see that the tables here are the same as in the
image above, but the layout is different. The layout has no impact at all on the way Power Pivot operates, but
it does give you a visual clue as to which are the lookup tables and which are the data tables because you have
to “look up” to see the lookup tables. Also, in the old days, you would write a VLOOKUP () to go and fetch
those extra columns, so there is another link to the past between the words VLOOKUP () and lookup table.

B
% Calendar [ Customers [ Products [ Territories

] Date . [ CustomerKey . T status - E Territory Key .

[ DayNumberOfweek [ GeographyKey [T Category 1 Region

[ DayName T Name [ ProductSubcategor... M Country

[ DayNumberOfMo... M BirthDate T SubCategory M Group

] DayNumberOfYear ] MaritalStatus 1 safetyStockLevel _hfi_l Total Global Sales

! 1
Lookup tables up ahove }-

I

[T sales
[ salesOrderLineNu... *
* [ OrderQuantity *
o * 1 UnitPrice = &

1 ExtendedAmount

[ unitPriceDiscount... =

Data tables down below }-

Snowflake Schema

Sometimes when normalising data into tables, there can be multiple levels of lookup tables. Consider the
image below. There is a single data table, Sales (see #1 below), and there are three lookup tables all chained
together in a row (#2, #3, and #4). The ProductCategory table (#4) is a lookup table of the Product-
SubCategory table (#3), which is a lookup table of the Products table (#2), which is a lookup table of the
Sales table (#1).

T ProductSubCategory

subCategory

Cateniry

Producteey
7 Sales ! - Creausthiens

Procas] iy - . HardsriCosl
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Customeriay

SaleilerTiion iy

This data structure is common in traditional transactional databases as it is the most efficient way to store
the data in those systems. However, this is not the best way to structure data in Power Pivot. This approach
is not the best for Power Pivot for a few reasons:

e Every relationship comes at a cost. Extra relationships will potentially have negative performance
impacts on the database (in terms of size and speed).
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Business users will be building reports using your database design, and they will see all the tables
in the data model. The structure above is confusing to and onerous on an end user who is trying to
understand.

Power Pivot was built from the ground up to be very efficient in the way it stores repetitive data in
columns, particularly in the smaller lookup tables, so there is simply no reason to do it as shown in
the image above.

Advice on Loading Your Own Data

There are a few things you can do to get off on the right track when it is time to build your own data models:

Where possible, keep your data tables long and skinny. If necessary, get rid of extra columns of “data”
by unpivoting your data, particularly if a data table is very wide (i.e., has a lot of columns). Each ad-
ditional column of data compresses less well than the last one, which means long, wide data tables
can be a real issue.

Move repeating attribute columns from your data tables and create lookup tables instead. But be
careful that you don’t overdo it. If a lookup table has only two columns (e.g., Key and Description),
then it may be better to drop the Key column and just load the description directly into the data table.

If you have lookup tables joined to other lookup tables, consider flattening them out into a single
wider lookup table. This is generally a better design for Power Pivot.

Definitely do not just accept the table shape and structure coming from your transactional system.

Note: Transactional databases and reporting databases are not the same, so don’t try to use the
table structure from your transactional system in Power Pivot.



62 Supercharge Excel

7: DAX Topic: The Basic Iterators SUMX() and
AVERAGEX()

The functions covered in Chapter 4 are all aggregation functions. Each of those aggregation functions acts
on an entire column or table and uses a specific aggregating technique to return a single value to a cell in
the pivot table.

Another class of functions can possibly return the same answers as the aggregation functions—but using a
different approach. These “X-functions” (i.e., any functions that have an X at the end of the name) are part
of the family called iterators.

Iterators and Row Context

The main difference between iterators and the other functions we have looked at so far is that iterators have
what is called “row context.” Row context means that a function is “aware” of which row it is referencing at
any point in time. Rather than getting into a theoretical explanation, let’s move on to working with the iterator
SUMX () and talk about row context as we use this function.

Using SUMX(table, expression)

SUMX () takes two parameters: a table name and an expression to evaluate. SUMX () creates a row context
in the specified table and then iterates through each row of the table, one row at a time, and evaluates the
expression for each row as it gets to it before finally adding together the interim results for each row. Row
context is a concept in DAX that involves creating “awareness” of the existence of the rows in the table so
a function can iterate through them one at a time until it has touched every single row once and only once.
You can think of row context as a checklist of all rows that SUMX () uses to keep track of where it is. SUMX ()
can work through the rows one at a time, metaphorically “checking off” each row to make sure none has
been missed. This row context exists only in certain DAX formulas, including the X-functions (discussed in this
chapter), calculated columns (see Chapter 8), and with Filter () (see Chapter 14).

To demonstrate the point, let’s look at how to write a new version of the [Total Sales Including Tax]
measure. First, create a new pivot table, put Products [Category] on Rows, and then write out this
measure:

Total Sales Including Tax SUMX Version
= SUMX (Sales, Sales|[ExtendedAmount] + Sales[TaxAmt])

Notice that in this measure, you are not wrapping the columns in an aggregation function. In this case, you
are referring to “naked columns,” and that is perfectly okay inside an iterator such as SUMX (). There is no
need to wrap the columns in an aggregation function when using an X-function (or any other function that
creates a row context). The way an X-function works is that it goes to the table specified in the first parameter
(in this case, Sales), creates a row context for it to use as a reference, and then takes each single row in the
table, one at a time, and evaluates the expression for that single row. Once it has created an interim result
for each row in the table, it adds together all the interim results.

As you can see illustrated with the box in the image below, when there is only one single row from the table
in play, DAX is able to refer to the exact intersection of each column referred to in the formula and the specific
row it is currently iterating over. Therefore, during each step of the iteration process, the column names in
the expression are actually only referring to a single value—the value that is the intersection of the single
column and the current row in the row context.

ExtendedAmount u TaxAmt ﬂ

564.99 45,1992
364.99 45,1992

24.49 1.9592
8.99 0.7192
8.99 0.7192

564.99 45,1992
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One row at a time, the single value in the Sales [ExtendedAmount] column is added to the single value
of the Sales[TaxAmt] column. After the first row is evaluated (and the result is stored temporarily in
memory for later), SUMX () selects the second row and does the same thing, then the third row and does
the same thing, and so on until it has iterated through every single row in the table, missing none. It iterates
through every single row once and only once (not necessarily in the order you see on the screen). When it
has completed this calculation for every single row in the specified table (specified by the first parameter), it
sums all the results together and returns a single value to the pivot table cell.

Note: | refer above to iterators working “one row at a time.” It is convenient to think of iterators
working in this way, and indeed that is the logical execution approach. In reality, though, the
Power Pivot engine has been built and optimised to work very efficiently under the hood. In many
circumstances, the actual physical execution is much more efficient than is implied by “one row at
a time” logical execution. This is a very deep technical topic and is beyond the scope of this book.
The key thing to note is that you should not think that iterators are inherently inefficient because
the Power Pivot engine optimisations can make the physical execution very efficient indeed.

Practice Exercises: SUMX()

Write the following measures for practice. Find the solutions to these practice exercises in Appendix A.

24. [Total Sales SUMX Version]

Multiply quantity by unit price from the appropriate columns in the Sales table.

25. [Total Sales Including Tax SUMX Version]

Add the ExtendedAmount column together with the appropriate tax column in the Sales table.

26. [Total Sales Including Freight]

Add the ExtendedAmount column to the Freight cost.

How Did It Go?
Did you get the following pivot table?

Total Sales
Total Sales Total Sales

i Including Tax . .
SUMX version Including Freight

Row Labels ~ SUMX Version

Accessaries 5700,750 5756,821 5718,281
Bikes 528,318,145 530,583,596 529,026,099
Clothing 4339,773 $366,954 $348, 267
Grand Total 529,358,677 531,707,371 530,092,647

Make sure you are following these steps to minimise rework:
1. Put the measures in the correct tables.
Give each measure a meaningful name and include spaces in the name.
Write the formula and check it to ensure that there are no syntax errors.
Apply suitable formatting immediately after writing the measure.
Ensure that the measure was written correctly by adding it to a pivot table to check your results.

v s W
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27. [Dealer Margin]

Create a new pivot table. Put Products [Category] on Filters and select Accessories from this filter. Then
put Products [ProductName] on Rows. You should have something like the table below (though what is
shown here is truncated).

Category Accessories |-T

Row Labels -
All-Purpose Bike Stand

Bike Wash - Dissolver

Cable Lock

Fender Set - Mountain
Headlights - Dual-Beam

Write a measure that shows the theoretical margin the dealer gets (i.e., the difference between the product
list price and the product dealer price). Both columns you need for this measure are in the Products table.

Did you get the answers shown below? (Once again, the pivot table in the image below is truncated; it shows
only the first nine rows when, in reality, it is longer.)

Category Accessories |-T
Row Labels - | Dealer Margin
All-Purpose Bike Stand 563.60
Bike Wash - Dissolver 53.18
Cable Lock 510.00
Fender Set - Mountain 58.79
Headlights - Dual-Beam 514.00
Headlights - Weatherproof 518.00
Hitch Rack - 4-Bike 548,00
HL Mountain Tire 514.00
HL Road Tire 513.04

When to Use X-Functions vs. Aggregators

Now you know that you can use X-functions such as SUMX (), and you can also use aggregators such as SUM (),
and they do similar things but using different approaches. Which should you use? The following examples
will help you figure this out. The samples below are simplistic tiny tables for illustration purposes only. In real
life, tables of data are, of course, much larger.

Example 1: When the Data Doesn’t Contain the Line Total

If your Sales table contains a column for quantity (Qty in the image below) and another column for price
per unit, you need to multiply the quantity by the price per unit to calculate total sales (because the actual
total doesn’t exist at the line level in the table).

pate  Bd Product B aty B price Per unit IS

01/01/2003 A 3 2.5
01/01/2003 B 1 6.8
02/01/2003 A 5 2.5
02/01/2003 B 3 3.5,
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If this is the structure of your data, then you simply must use SUMX (), like this:
Total Sales 1 = SUMX(Sales, Sales[Qty] * Sales[Price Per Unit])

In this example, you have to calculate the total for each row first, one row at a time. This is what the iterator
functions are designed to do.

Example 2: When the Data Contains a Line Total

If your data contains a single column with the extended total sales for that line item, you can use SUM () to
add up the values:

Total Sales 2 = SUM(Sales[Total Sales])

Date all Produc n ptal Sales |
01/01/2003 A 1.5
01/01/2003 B 0.8
02/01/2003 A 125
02/01/2003 B 10.5,

There is no need for an iterator in this example. Note, however, that you could still use SUMX (), like this, to
get the same answer:

Total Sales 2 alternate = SUMX (Sales, Sales[Total Sales])

Note: In the formula above, there is only a single column for the expression parameter: Sales|[-
Total Sales]. This is a valid DAX expression, and it will work just fine. For each row in the
iteration of SUMX, the formula just takes the line-level total for this column. At the end, it simply
adds up all the values.

So Which Should You Use, SUM() or SUMX()?

Whether you use SUM () or SUMX () comes down to personal preference and the structure of your data. For
most data models, which one you use makes little or no difference, so you can choose the one that suits you
the best. However, let’s take another look at the two approaches by looking at the examples from above.
First, let’s take another look at the table of data from Example 2 (see the previous image).

Every value in the column Sales[Total Sales] is unique (i.e., there are no duplicates). In real life, if the
real table is very large and has lots of unique values, this column would not compress well. The more unique
values in a column, the less well the column will compress.

Now look again at the table from Example 1 (see the image repeated below).

pate | product Bl aty B price Per unit IS

01/01/2003 A 3 2.5
01/01/2003 B 1 6.8
02/01/2003 A 5 2.5
02/01/2003 B 3 3.5,

In this table, there are duplicate values in the Oty column and also duplicates in the Price Per Unit col-
umn. In real life, if the real table is very large, it is likely that loading the data in this table (as in Example 1)
will result in better compression than with the data in Example 2 because of these duplicate values in each
column. In real life, data that compresses the best in columns often is the most efficient. This may seem coun-
terintuitive if you think about “iteration” as being a slow, row-by-row evaluation—and it is understandable
that you may think of it that way. However, the underlying Power Pivot engine is optimised to work just as
efficiently with SUMX () as it does with SUM () . (There are exceptions to this rule, but that is quite a complex
topic and beyond the scope of this book.)
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Avoiding Data You Don’t Need

One important point to note before moving on is that you should not have all three columns as shown in the
previous two examples. It should be obvious that if you have quantity and price per unit in a table, you can
“calculate” the value of total sales any time you need it. Similarly, if you have total sales and quantity in a
table, you can calculate price per unit any time you like.

Supercharge Excel

Generally speaking, you should not include in your data model columns of redundant data that can be calcu-
lated on-the-fly. Including those extra columns increases file size and makes everything refresh more slowly.
The general rule is to bring in the minimum number of columns you need to do the job, and it is best to bring
in the columns with the lowest numbers of unique values, where possible.

When Totals Don’t Add Up

This use case requires you to use SUMX () or some other iterator to make the totals add up as you would

expect to see them. | have created a small table of sample data (shown below) to explain the problem and
show the solution.

Customer  Spend per Visit Number of Visits

A 50 7
B 40 3
£ 100 12
D 15 4

The table above shows four customers, with the average amount of money they have spent each time they
have shopped as well as the number of times they have shopped. If you load this data into Power Pivot and
then use aggregating functions to find the average amount spent across all customers as well as the total
amount spent, you get the wrong answers, as shown below.

Avg Spent per Total Number
Total Spent Wrong

visit Wrong of Visits
Row Labels ~
A $50 7 3350
B 540 3 5120
C 5100 12 51,200
D 515 a 560
Grand Total 551 26 $1,333

The following measures are used above:

Total Number of Visits = sum(VisitData [Number of Visits])

Avg Spent per visit Wrong = AVERAGE (VisitData[Spend per Visit])

Total Spent Wrong = [Avg Spent per visit Wrong] * [Total Number of Visits]
The first measure, [Total Number of Visits], is correct because the data is additive, but the other two
measures give the wrong results. This is a classic situation where you can’t perform multiplication on the
averages at the grand total level. Given the original sample data, the only way to calculate the correct answer
is to complete a row-by-row evaluation for each customer in the table, as shown below.

Total Number Total Spent  Avg Spent per visit

Row Labeld = of Visits SUMX Correct
A 7 5350 550
B 3 5120 540
C 12 51,200 5100
D 4 560 515

Grand Total 26 51,730 567
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The pivot table above includes a SUMX () to find the total spent, row by row. Only then does the pivot table
calculate the average spent per visit. Here is the complete set of correct formulas:

Total Number of Visits = SUM(VisitData [Number of Visits])

Total Spent SUMX = SUMX (VisitData,VisitData[Spend per Visit] * Visit-

Data[Number of Visits])

Avg Spent per visit Correct = DIVIDE ([Total Spent SUMX] , [Total Number of

Visits])
Whenever you see that the totals in your visuals don’t add up, you should try to figure out what is happening
row by row in the visual that is not happening in the total row. Such a problem is always caused by some sort
of filter context provided by the rows in the visual that is not replicated in the total rows. You should look
at the visual and ask, “How can | simulate the row-by-row filtering that | see in the visual in the total row?”
When you answer this question, you will know how to solve the problem of totals not adding up—normally
using an iterating function like SUMX ().

Avoiding Too Many Calculated Columns

Now is a good time to talk about another common mistake | see Excel users make when learning Power Piv-
ot. The formulas we have been writing using SUMX () can also be written directly into a custom calculated
column in a table. But that normally is the wrong way to do it. Let me explain why.

To write a calculated column, go to the Power Pivot tab in Excel and click the Manage button, as shown below.

g 8 E =8 &

Measures KPls Addto  Update Detect Settings
- - Data Model  All
Data Model Calculations Tables Relationships

Once you are in the Power Pivot window, you can select Design (see #1 below), Add Columns (#2).

“ Home Designg_) Advanced
Q Delete 3 = | Dg F 5 undo -
T)_I ET Freeze ~ fl == :KEI "'}D ﬂ

Redo
Add . Insert  Calculation Create Manage Table Mark as Date
Width Function Options = Relationship Relationships Properties  Date Table = Table =

Columns Calculations Relationships Calendars Edit

| [Productkey] = I
You could rewrite the [Total Sales Plus Tax] measure as a calculated column, as shown below.

Jr |=5ales[ExtendedAmount]+Sales[TaxAmt]

Before we move on, let me point out something with regard to the syntax of the above calculated column
and the measure [Total Sales Including Tax SUMX Version]. Here are the two formulas:

Total Sales Plus Tax Column
= Sales[ExtendedAmount] + Sales[TaxAmt]
Total Sales Including Tax SUMX Version
= SUMX (Sales,Sales[ExtendedAmount] + Sales[TaxAmt])

Take a look at the part of the two formulas highlighted in bold. This section is identical in the two formulas;
it adds together the values in these two columns while iterating in a row context. What is different with the
SUMX () function is that there is an additional parameter that specifies which table SUMX () should iterate
over. This extra parameter is not required in a calculated column because the column is physically placed in the
table itself. In other words, a calculated column is an iterator that iterates over the table in which it is placed.

A calculated column has a row context—just like SUMX () —and as a result, it is fine to refer to naked columns.
Just as with SUMX (), the calculated column has a row context and iterates over the rows in the calculated
column, one at a time. At each step in the process, there is only one row in play, and hence each column has
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only one possible value for each row in each iteration step. So, you end up with a column of data like the one
below, with the calculated total for each row stored in the column.

] Sales Plus Tax Column |

564.99 45,1992 $610.19
364.99 45,1992 $610.19
24.49 1.9592 526.45
[ 8.99 0.7192 59.71
564.99 45,1992 $610.19
53.99 4.3192 558.31
53.99 4.3192 558.31
120 9.6 $129.60
7.95 0.636 58.59
24.49 1.9592 526.45
28.99 2.3192 $31.31
1214.85 97.183 $1,312.04
53.99 4.3192 558.31

But there is one big problem with this approach—and | do mean BIG. The problem is that a calculated column
always evaluates every row and stores the answer in the workbook as a value in the column in the table. This
takes up space in the workbook. What’s more, the compression applied to calculated columns is reportedly
not as good as for imported columns, and hence the data could be stored less efficiently in the workbook.
Now compare this to the SUMX () measure created earlier. The measure [Total Sales Including Tax
SUMX Version] uses the same core formula, but it does not store any values in your workbook other than
values needed to display in any pivot tables in your workbooks. If your Sales table has 60,000 rows of data,
it probably doesn’t matter. But if your Sales table has 50 million rows of data, it definitely does matter.

People with an Excel background tend to gravitate toward writing calculated columns rather than writing
measures because that’s what they’re used to doing. They are used to living in a spreadsheet world, where
they have lots of rows and columns and can refer to them in calculations. Writing measures in DAX is a dif-
ferent experience because you don’t get to “see” the data table in front of you when you’re writing the code.
Instead, you have to visualise in your mind what you are doing. This is why | recommend creating a pivot table
to get immediate feedback after you write your formulas; it helps you visualise the result.

My number-one piece of advice for now (while you are learning) is that you shouldn’t write calculated col-
umns unless you have no other option and you know why you need them. You'll learn more about calculated
columns and when to use them in Chapter 8. Until then, you should assume that using a calculated column
is not a good approach unless you know from experience what the exceptions are—and you will learn that
with time and experience.

Are You Writing Your Measures Correctly?

It’s time to practice using some new functions. Before you get into the following practice exercises, here is a
refresher on the process you should use to write all your measures:

This is the process used so far to write X-function formulas:
1. Create a new pivot table on a new sheet.

Put Products [Category] on Rows.

Click in the pivot table and create a new measure.

Select the table where the measure will be stored.

s W

Give the measure a descriptive name.
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6. Start typing the formula and stop once the formula is highlighted in IntelliSense—before you press
Tab or type (—so you can read the description of the formula, as shown below.

Measure

? pod

Table name: |Calendar

Measure name: Imeasure 1

Description: I

Formula: | fx | | Check formula

=AVERAGEX
3 AVERAGEX

Retums the average (arthmetic mean) of all the numbers in a cnlumn.]

Formatting Options

TRUE/FALSE

Carce

7. Pause after you press Tab or type ( to get the syntax, as shown below.

Measure

Table name: |Ca|endar

Measure name: Imeasure 1

Description: I

Formula: | fxr | | Check formula

Formatting Options

Category:

Mumber
Cumency

Date
TRUE/FALSE

Corce
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Practice Exercises: AVERAGEX()

Set up a new pivot table and put Products [Category] on Rows. Then write the following measures us-
ing AVERAGEX (). Don’t worry about the logic of weighted averages in these exercises. These exercises are
designed for simple practice, and you should ignore any real-world business logic.

Find the solutions to these practice exercises in Appendix A.

28. [Average Sell Price per Item]

Find the column in the Sales table that gives the sell price per unit and use AVERAGEX () to find the average
of this column.

29. [Average Tax Paid]

Find the tax column in the Sales table and find the average of this column.

30. [Average Safety Stock]

There is an Average Safety Stock column in the Products table. You should put the results of this
measure in a pivot table, as shown below.

Average Sell .. Average Safety
. Average Tax Paid

Row Labels = | Price per ltem Stock

Accessaries 519 52 146
Bikes 51,862 5149 100
Clothing 537 53 4
Components S00
Grand Total 5486 530 283

Note: There are other X-functions that are not discussed in this book, such as MAXX (), MINX (),
COUNTAX (), and COUNTX (). You can find out how these are used by typing a formula into the
Measure Wizard and reading the IntelliSense.
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8: DAX Topic: Calculated Columns

It’s time for a change of pace. | have deliberately left the main discussion of calculated columns until now to
allow you to get accustomed to the power of measures. As mentioned in Chapter 7, a common mistake | see
Excel users make is to use too many calculated columns. And when you think about it, a calculated column is
a very comfortable place for an Excel user to hang out because a table in the Power Pivot window looks and
feels a lot like Excel. But as | warned previously, you should avoid using calculated columns until you know
when and why to use them. Consciously avoiding calculated columns and trying to find a measure solution
will make you a stronger DAX user. Trust me.

In general, you should not use a calculated column if:
¢ You can use a measure instead.
¢ You can bring the data into a table directly from the source data.
e You can create the column during data load by using Power Query.

e Be careful with the last two options above: These alternate methods are no substitute for writing a
measure. Always prefer writing measures as you are learning because doing so will help you minimise
mistakes until you learn more about how to use calculated columns correctly. | always recommend that
you prefer the following order to source a missing column (only when a measure will not do the job):

1. Getitadded to the source and import it from there.
2. Create itin Power Query on data load.
3. Use a calculated column.

By pushing a required column as far back to the source as possible, you increase the possibility of reuse down
the track. But the truth is that this is a purist view, and it doesn’t really matter very much. If you know how to
do it in a calculated column and you don’t know how to do it in Power Query, then there is no harm in using
the calculated column. Indeed, you can and should use calculated columns when you need them. You should
definitely use a calculated column when both of the following two conditions are satisfied at the same time:

¢ You need to filter/slice a visual based on the results of a column (i.e., you want to use the column on
Filter, Slicer, Rows, or Columns). Measures don’t work in this case.

e You can’t bring in the column of data you need from your source data or by using Power Query (for
whatever reason).

These are the most common reasons you can’t get a column you need from your source data:
e It doesn’t exist.
e You can’t arrange to get it added (e.g., you don’t have access to the source system).
e You can’t get it added in a timely manner.

¢ You want to reuse measures that exist in your data model as part of the formula needed to create
the new column.

As mentioned earlier, if possible, you should try to get the column you need added to the source data. When
you do this, you get the full benefit of compression on data import; in addition, the column is available for
reuse in all your future workbooks. But sometimes this simply isn’t possible, and other times it is possible,
but you can’t wait two weeks (or two years!) to get it done. Calculated columns are useful in such cases. And
if a new column becomes available in the future, you can simply delete your calculated column and replace
it with the new column coming in from the source.

Here’s How: Creating a Day Type Calculated Column

Let’s look at an example of where you should use calculated columns. Let’s say that you extract the Cal-
endar table from your enterprise database, and you want a new column that shows whether each date is
a weekend or a weekday, but you can’t arrange to have that column added for now. Of course, you could
use Power Query, but this book is about DAX, so this section discusses how to create a calculated column to
solve this problem.
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Follow these steps to create a Day Type calculated column in the Calendar table:

1. Inthe Power Pivot window, navigate to the Calendar table and make sure you have the Data view
selected.

2. Scroll all the way to the right side of the table, and you see Add Column at the top of the next avail-
able column in the table (as shown below).

3. Click anywhere in the column to select a blank row (see #1 below).
Click in the formula bar at the top of the window (#2).

5. Type the following calculated column formula:

= IF('Calendar' [DayNumberOfWeek] = 1 ||
'Calendar' [DayNumberOfWeek] =7, "Weekend", "Weekday")

BEE = oo e o

v e ] ) L 5 H 1 il = _,f\
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Note: Note the use of the two pipe symbols (| |) in the formula above. The pipe can be found on
your keyboard above the backslash key (which is right above the Enter/Return key). The two pipe
symbols are the inline text version of a logical OR function.

6. You can also write an OR function in DAX as follows:
OR('Calendar' [DayNumberOfWeek] = 1, 'Calendar' [DayNumberOfWeek] = 7)
7. Personally, | prefer to use the two pipes because you can have as many of them as you like in a single
formula. The OR () function above accepts only two parameters as inputs; if you have more than
two logical OR inputs, you need to use multiple nested OR () functions to make it work.

Note: The inline version of the logical AND is the double ampersand (&&), which equates to the
AND () function.

8. Note that the formula you just created, as shown below, is a single formula for the entire column.
Just as with Excel tables, with Power Pivot, it is not possible to have more than one formula in a
calculated column. You therefore have to write the one formula so that it evaluates and handles all
the possible scenarios you need.

9. To rename the column, double-click the column name and change it to Day Type.

[Day Typa] I F=IFi‘Culurldul'[Du'.'Numhurl:rMcuH =1]] 'f.ulunddr'fﬂu\lNumbﬂrOﬁNuukF?,‘Wuuhurld","'n'.ful.'kduv"ll
* * = x ar | - B = I Day Type *

1 7 3 2001 1 2002 1 200107 [Sunday ‘Weekend ‘
2 T 3 2001 1 2002 1 200107 Monday Weekday

3 7 3 2001 1 2002 1 200107 Tuesday Weekday

4 7 3 2001 1 2002 1 200107 Wednesday |Weekday

5 7 3 2001 1 2002 1 200107 Thursday Weekday

[ T 3 2001 1 2002 1 200107 Friday Wieekday

7 7 3 2001 1 2002 1 200107 |Saturday Weekend

8 [ 3 2001 1 2002 1 200107 [Sunday Weekend

9 7 3 2001 1 2002 1 200107 Monday Weekday

10 7 3 2001 1 2002 1 200107 Tuesday Weekday

11, 7 3 2001 1 2002 1 200107 Wednesday |Weekday

12 7 3 2001 1 2002 1 200107 Thursday Weekday

13 i 3 2001 1 2002 1 200107 Friday Weekday

14 7 3 2001 1 2002 1 200107 |Saturday ‘Weekend

15 T 3 2001 1 2002 1 200107 |Sunday Wieekend

16| 7 3 2001 1 2002 1 200107 Monday Weekday
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10. Now that you have the new calculated column, it is time to use it in your pivot table. Go to a new
worksheet in your workbook and create a new pivot table. Place Products [Category] on Rows,
place your new column 'Calendar' [Day Type] on Columns, and then add [Total Sales] to
the Values section. You end up with the pivot table shown below.

Total Sales Column Labels -

Row Labels - |Weekday Weekend Grand Total
Accessories 5495,995 5204,764 5700,760
Bikes $20,047,702 $8,270,442 $28318,145
Clothing $240,664 $99,109 $339,773
Grand Total 520,784,362 58,574,316 529,358,677

With the calculated column placed in the pivot table, you can successfully glean some new insights from the
data that weren’t evident before. You have used data modelling techniques to enhance the data for weekday/
weekend analysis. Sweet!

Practice Exercise: Calculated Columns
Write the following calculated column in the Calendar table. Find the solution to this practice exercise in
Appendix A.
31. Creating a Half Year Column

In the Calendar table write a calculated column that returns the value H1 for the first half of each year

(January through June) and H2 for the second half of each year (July through December). Hint: You might
want to use an IF statement to do this.
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9: DAX Topic: CALCULATE()

CALCULATE () is the most important and powerful function in DAX. It is the only function that has the ability
to modify the filter context coming from your visuals.

Note: Actually, there is another function that can modify filter context: CALCULATETABLE () . This
function is typically used inside DAX queries, though discussing it is beyond the scope of this book.

| am going to provide you with a solid understanding of how CALCULATE () works in this book, but you will
need to continue to learn in the future—and there is a lot to learn. If you want to be an expert, you need to
read lots of other books and blogs to build on the foundation you get from this book.

Note: You can find a link to an up-to-date curated list of the best (in my view) Power Bl, Power
Pivot, and Power Query books in Chapter 22.

CALCULATE() Explained: Altering the Standard Offering

Have you ever gone into a restaurant and looked at the menu, only to discover that the standard offering
is not quite what you are after? Lots of people love Caesar salad, for example, but many people do not like
anchovies. Say that you’re one of them, and you read the following on the menu:

Caesar Salad: Romaine lettuce, croutons, parmesan cheese, anchovies, and egg tossed in a creamy Caesar
dressing.

When you order the salad, you alter the standard menu option and instead say, “I'll have the Caesar salad,
no anchovies.” CALCULATE () is a lot like that: It allows you to alter the standard offering (that you get from
a pivot table rather than a menu, of course) so you can get some variation that ends up being exactly what
you want.
Technically speaking, CALCULATE () alters filter context. It modifies an expression (which can be a measure
or another DAX formula) by modifying filters. The syntax of CALCULATE () is:

= CALCULATE (expression, filter 1, filter 2, filter n...)
CALCULATE () alters the filter context coming from the pivot table by applying none, one, or more filters
prior to evaluating the expression. CALCULATE () “reruns” the built-in filter engine in Power Pivot—the one
that makes the filters automatically propagate from the lookup tables and flow downhill to the data tables.
When the filter engine is rerun by CALCULATE (), if there are any filters inside the CALCULATE () function,
these filters become part of the filter context before the filter engine kicks in. (You'll learn more about how
this works in Chapter 10.)

Note: | mentioned earlier that you can use none, one, or more filters inside CALCULATE (). It
may seem strange that you can use none at all. Why would you want to do this? Using no filters
at all is a special use case that is covered in Chapter 10.

Simple Filters

CALCULATE () can use two types of filters: simple and advanced. A simple filter (or raw filter) has a column
name on the left and a value on the right, as in these examples:

Customers [Gender] = "F"
Products[Color] = "Blue"
'Calendar' [Date] = "1/1/2002"
'Calendar' [CalendarYear] = 2003

You can use these simple filters as the second and subsequent parameters to CALCULATE () to alter the
original meaning of an expression (which is the first parameter). Simple filters are really important in Power
Pivot because they were designed to be easy to use and understand. Taking a filter from a lookup table and
propagating it to the data tables is what Power Pivot was built and optimised to do.



9: DAX Topic: CALCULATE()

Note: Under the hood, Power Pivot converts a simple filter into a much more complex formula that is
harder for beginners to learn and understand. Consider the following measure, using a simple filter:

Total Sales to Females
= CALCULATE ([Total Sales], Customers|[Gender] = "F")
Under the hood, Power Pivot converts this into the following formula prior to execution:
Total Sales to Females
= CALCULATE ( [Total Sales],
FILTER (ALL (Customers [Gender]),
Customers [Gender] = "F"

)
| am sure you will agree that the first formula is easier to read and understand. The Microsoft
developers call this type of simple syntax “syntax sugar.” The simple syntax is provided to allow
beginners to use Power Pivot without having to first become DAX experts.

| cover the ALL () function in Chapter 13 and the FILTER () function in Chapter 14.

To see CALCULATE () in action (using the simple syntax), set up a new pivot table like the one
below, with Products [Category] on Rows and [Total Sales] on Values. (You should be
getting used to this by now!)

Row Labels ~ Total Sales

Accessories 5700,760
Bikes 528,318,145
Clothing $339,773

Grand Total  $29,358,677

Then write the following measure:

Total Sales of Blue Products
= CALCULATE ([Total Sales], Products[Color]="Blue")

In the image below, can you see how the simple filter used here, Products [Color]="Blue", has altered
the initial filter context coming from the pivot table and given a variation to the regular measure [Total
Sales]. Itis as if you have changed the recipe for the standard product on the menu and instead received

a variation of that regular menu item. Think Caesar salad without anchovies.

Row Labels ~ Total Sales Total Sales of Blue Products

Accessories 5700,760 574,354
Bikes 528,318,145 52,169,056
Clothing 5339,773 535,687

Grand Total  $29,358,677 $2,279,096
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Practice Exercises: CALCULATE() with a Single Table

It’s time for you to write some simple CALCULATE () examples that filter a single table. Set up a new pivot
table with Customers [Occupation] on Rows and [Total Number of Customers] on Values. You
should have the pivot table shown below as your starting point.

Total Number of
Row Labels - Customers

Clerical 2,928
Management 3,075
Manual 2,384
Professional 5,520
Skilled Manual 4,577
Grand Total 18,484

Then write the following measures, using CALCULATE (). Find the solutions to these practice exercises in
Appendix A.

32. [Total Male Customers]

Write a new measure that modifies the [Total Number of Customers] measure you wrote previously (see
Practice Exercise 9) to come up with a total for male customers only. You need to look for a suitable column
from the Customers table to use in your filter.

33. [Total Customers Born Before 1950]

In this case, you need to enter the date < January 1, 1950, into the formula as the filter parameter. You need
to use the DATE () function to be able to refer to a date. Remember that you can get help from the tooltips
that IntelliSense provides when writing the measure. Just start typing =DATE inside the formula bar, and a
tooltip pops up, explaining the purpose and syntax of the function, as shown below.

Measure ? >

Table name: |Calen|:|ar j

Measure name: |measure 1

Description: |

Formula: fxl Eheckformulal

=date]

@i Retums the specified date in datetime format.
(#) DATEADD

) DATEDIFF

) DATESBETWEEN

%) DATESINPERICD
) DATESMTD

(%) DATESGTD

[ DatesSamePenodlY
%I DATESYTD

%) DATEVALUE v
Date

TRUE/FALSE

Tl
S R e R e

oK Cancel |
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Formula: [y | Check formula

=date(
DATE(Year, Month, Day)

As soon as you type (, the tooltip changes and gives you the syntax you need to use the function. Now that
you know how to write a date inside a formula, you can go ahead and write the measure [Total Custom-
ers Born Before 1950].

34. [Total Customers Born in January]

This exercise is similar to Practice Exercise 33, but this time you need to use the MONTH () function to turn
the information in the Customers [BirthDate] column into a month.

35. [Customer Earning at Least $100,000 per Year]

Write a measure that counts the number of customers who earn more than $100,000 per year. The following
pivot table shows what you should end up with. Look for a suitable column to use for the filter in the Cus—-
tomers table.

Customers
Total Number of Total Male Total Customers Total Customers Earning at least
Customers Customers Born Before 1950 Born in lanuary $100,000 per

Row Labels |~ year
Clerical 2,928 1,488 433 132

Management 3,075 1,592 1,543 136 1,406
Manual 2,384 1,251 134 128

Professional 5,520 2,727 609 254 792
Skilled Manual 4,577 2,293 234 132

Grand Total 18,434 09,351 2,053 842 2,198

Using CALCULATE() over Multiple Tables

In Practice Exercises 32-35 above, the CALCULATE () function operates over a single table; the filtering is
applied to a table, and the expression is evaluated on the same table. However, CALCULATE () can work
over multiple tables, too. When you use the CALCULATE () function, it first applies the filters to the rele-
vant tables, and then it reruns the filter propagation engine and makes sure that any new filters inside your
CALCULATE () function automatically propagate from the “one” side of the relationship to the “many” side
(i.e., the filters flow downhill) before the expression is evaluated. So you can apply a filter to one or more of
the lookup tables, and these filters will propagate to the data tables, and any expression that evaluates over
the connected data tables will reflect the filters from the lookup tables. Are you feeling supercharged now?
You should be!

Practice Exercises: CALCULATE() with Multiple Tables

Set up a new pivot table. Put Territories [Region] on Rows and [Total Sales] on Values. Note that
there are now two tables involved. The initial filter context is coming from the Territories table (see #1
below), and the calculation [Total Sales] is operating over the Sales table (#2).
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Row Labels LT Total Sales
Australia ‘@) @)s9,061,001

Canada 51,977,845
Central 53,001
France 52,644,018
Germany 52,894,312
Mortheast 56,532
Morthwest 53,649,867
Southeast 512,239
Southwest 55,718,151
United Kingdom 53,391,712
Grand Total 520,358,677

With your pivot table set up as described above, write the following new measures. Find the solutions to
these practice exercises in Appendix A.

36. [Total Sales of Clothing]

Use the Products [Category] column in your simple filter. The filter gets applied to the lookup table, but
then the measure [Total Sales] is modified by the filter.
37. [Sales to Female Customers]

As the name of this measure suggests, you use CALCULATE () to modify the standard measure [Total
Sales] and create a new measure that is for sales to female customers.

38. [Sales of Bikes to Married Men]

You need to use multiple filters on two tables for this one. CALCULATE () can accept as many filters as you
pass to it. Just separate the filters with commas.

How Did It Go?

When you have finished these three practice exercises, you should have a pivot table something like the one
shown below.

Total Sales of Sales to Female Sales of Bikes to
Total Sales . .

Row Labels |~ Clothing Customers Married Men
Australia £9,061,001 570,260 54,634,993 52,205,159
Canada 51,977,845 553,165 51,011,320 5517,808
Central 53,001 5157 5124

France 52,644,018 527,035 51,271,964 5726,649
Germany 52,894,312 523,565 51,539,713 5694,776
Mortheast 56,532 5106 53,836 52,295
Morthwest 53,649,867 558,230 51,843,586 5982,266
Southeast 512,239 5301 511,938

Southwest 45,718,151 474,714 42,831,098 41,451,036
United Kingdom  $3,391,712 532,240 51,615,046 51,031,765
Grand Total 29,358 677 $339,773 $14,813,619 $7,611,754

Advanced Filters
So far you have used only simple filters inside CALCULATE (), in this format:

TableName [ColumnName] = some value
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You can also use a more advanced filter that is passed in the form of a table containing the values required
for the filter. This table can be either of the following:

e A physical table
e A function that returns a table (e.g., ALL (), VALUES (), FILTER())

Importantly, both physical tables and functions that return tables, when used as advanced filter parameters,
retain all relationships that exist in the data model. Advanced filters and the way tables retain their relation-
ships in the data model is a complex topic that is covered in more detail in upcoming chapters. For now, it is
enough to know that so far you have only learnt about simple filters for CALCULATE (), and the advanced
table filters are coming later.

Making DAX Easy to Read

Now is a good time to pause and talk about how to lay out your DAX so it is easy to read. Consider this example:

Total Sales Value of Bikes Sold to Single Males in

Australia= CALCULATE ([Total Sales], Customers[MaritalStatus]=

"S" ,Products[Category]="Bikes",Customers|[Gender]=

"M",Territories[Country]="Australia")
When you get formulas that are very long like this, they can be very hard to read. The generally accepted
approach is to lay out a formula using line breaks and spaces so it is easier to see which parts of the formula
belong together. There is no single right way to do this. Here is one way that | find useful:

Total Sales Value of Bikes Sold to Single Males in Australia
= CALCULATE ([Total Sales],

Customers [MaritalStatus] = "S",
Products[Category]= "Bikes"
Customers [Gender] = "M",
Territories[Country] = "Australia"

)
To create a new line in the Measure dialog box, you need to press Shift+Enter on the keyboard.
In the example above, | put the first parameter in CALCULATE () (which is the expression) on the first line,

followed by a comma. Then | placed each filter on a new line and indented them so it is easy to see that they
belong to the CALCULATE () function.

The final closing parenthesis for the CALCULATE () function is on a new line of its own, aligned with the C
in CALCULATE () so that | know that this bracket closes the CALCULATE () function.

Note: To create indents from the left, simply press the spacebar four or five times for each line.
It is fine to use as many spaces as you like in your DAX formulas: Spaces and line breaks have no
impact on the evaluation of the formulas.

Using DAX Formatter

DAX Formatter is a very useful (and free) tool that you can use to help format your DAX. Marco Russo and
Alberto Ferrari from SQLBI developed the free http://daxformatter.com website. You simply paste your DAX
code into the website, and DAX Formatter formats the code for you. You can then cut and paste it back into
the formula bar in Power Pivot. But be sure to read the following warning before you try it for yourself.

Warning: Switching Windows with the Measure Dialog Open: Remember that the Measure dialog
box (shown below) is a modal window. When you cut and paste a formula from this window, and
then switch to a browser so you can use DAX Formatter, you may experience a problem when you
try to switch back to Excel. If this Measure dialog box is open, it can sometimes “hide” behind the
regular Excel window when you switch back to Excel from another window. When this happens,
you can see the regular Excel window, but when you try to click in Excel, you get an annoying
“bing, bing” sound that tells you something is wrong. The likely issue is that the Measure dialog
box is open and hiding behind the Excel window. To fix this, press and hold the Alt key and then
press Tab. Task Manager shows all the windows that are currently open in the background. Look
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for the Measure dialog and, while still holding down Alt, select it by pressing Tab multiple times
until it is in focus. When you release the Alt key, Windows brings the modal window into focus
and allows you to finish the task.

Measure ? >

Table name: |Sales — |

Measure name: |TDtaI Sales Value of Bikes Sold to Single Males in Australia |

Description: | |

Formula: | x| | Check formula

=CALCULATE([Total Sales], Products[Categony]="Bikes" Customers[Marital Status]="5",
Customers[Gender]="M" Temtories [Country]="Australia" )

Formatting Options

Category:

General Symbn.‘:l: 2 EI'IQ"S"I [;’-‘-.ustralia} e
Mumber
Decimal places: =
Date
TRLE/FALSE Lse 1000 separator ()

Carce

When you use DAX Formatter, you have a choice about whether to include the measure name. In Excel, when
you cut and paste a measure from the Measure dialog box, the measure name is not copied. The example
below therefore excludes the measure name. (If you were to do this in Power Bl Desktop, the measure name
would be copied as well.)

Here is the measure from above without the measure name:

DAX

FORMATTER

[Total Sales],
Customers[MaritalStatus] =

Products[Category] =
Customers[Gender] =
Territories[Country] =

Error Checking

DAX Formatter does another important job for you: It checks whether your DAX formula is valid and written
correctly. If it is not, DAX Formatter does its best to show you where any errors are located. To see this in
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action, try removing one of the commas from the DAX code above (such as the one after Gender =M, so it
looks like this):

Total Sales Value of Bikes Sold to Single Males in Australia

= CALCULATE ( [Total Sales],

Customers [MaritalStatus] = "3S",
Products [Category]= "Bikes",
Customers [Gender] = "M"
Territories[Country] = "Australia"

)
When you put this erroneous code into DAX Formatter, a triangle points to the part of the code where an
unexpected value is found, as shown below.

DAX =

FORMATTER
CALCULATE (
[Total Sales],
Customers[MaritalStatus] = "S",

Products[Category] = "Bikes™,
Customers[Gender] = "M"
Territories[Country] = "Australia"

In this case, DAX Formatter is expecting a comma but instead finds the letter T—the start of the next column
name. DAX Formatter is a great tool for helping you debug your DAX code when you can’t work out what is
wrong (although it was not strictly designed to do this). | use DAX Formatter all the time to help me with my
DAX. | suggest you do, too.

Note: Marco Russo told me that DAX Formatter was never designed to be an official error-checking
tool, as | describe using it above. As a result, the error checking is not perfect, but in my view, it
is still worth trying this approach if you are stuck.
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10: Concept: Evaluation Context and Context
Transition

This chapter covers one of the most difficult topics to understand and master in DAX. It is not essential that
you understand this topic as you start using DAX. But if you want to be a DAX superhero, you will have to
learn it at some time. If you find it hard to understand, don’t worry. Simply come back later, when you have
more experience, and read this chapter again. Do this as many times as needed.

As you saw in Chapter 5, DAX has a concept of a filter context. As you saw in Chapter 7, DAX also has a con-
cept of a row context. Filter context and row context are the two different types of evaluation context, the
topic of this chapter.

A Refresher on Filter Context

In Chapter 5 | introduced a number of concepts, including filter context and initial filter context. Here is a
quick refresher.

Filter context refers to any filtering that is applied to the data model in DAX. Filter context is created by a pivot
table and also by the CALCULATE () function. The initial filter context is the natural filtering that is applied
by a pivot table. The initial filter context can come from the following four areas of a pivot table:

e Rows (see #1 below)
e Columns (#2)

e Filters (#3)

e Slicers (#4)

Class All - Q; Size Q; =
Total Sales  Column Labels  ~ 38 ~
Row Labels ~ Accessories <2/ Bikes Clothing Grand Total a0

Black €)) $72,954 $8,659,117 $106,341 $8,838,412

Blue $74,354 2,169,056 $35,687 $2,279,096 42

Multi $106,471  $106,471 a4

NA 435,117 $435,117 i

Red $78,028 $7,646,303 47,724,331

Silver $40,308 45,073,081 45,113,389 a8

White $5,106 $5,106 <0

Yellow 44,770,588 486,168 34,856,756

Grand Total $700,760 $28,318,145 $339,773 $29,358,677 52 v

Don’t confuse the filter context coming from Rows in a pivot table with row context. These are two completely
different things. Filter context is the natural “slicing” that comes from the coordinates of a pivot table. The
Rows section in a pivot table is one of the four locations that can slice your data, and all four locations are
part of the initial filter context.

The filter context coming from a report filters the underlying tables in the data model. If the tables are joined,
the filters propagate from the “one” side of the relationship to the “many” side of the relationship. But the
filter does not propagate from the “many” side of the relationship to the “one” side. This is why | recommend
(for Excel users anyway) setting up the data model using the Collie layout methodology, described in Chapter
2 and shown again below. When you use this layout, you have less to get your head around, and you can
simply visualise filter propagation flowing downbhill like water.
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T Calendar [ Customers T Products O Territories

] = -

_ T Customeriey T ProductKey Territory Key

] Date — — =

. Geographykey T PraductSubcatego... Riegion
DayMumber Ofweek 10

T Name T ProductMame T Country
O DayMamse

T DayNumberOfvonth

M Praarkis s b Clvaar

T BirthDate T StandardCost O Group
T MaritalStatus T Colos

Lookup .
Tables They don't flow

Filters flow
up hill down hill
T Sabies

T ProductKey
T OrderDate
T OrderDateey

= Customerkey

T salesTerritonybey
T SalesOrderNumibser Data
Table(s)

This setup provides a visual clue that the filters flow downhill through the relationships but do not flow uphill
through the relationships.

Note: It is possible to filter a lookup table (sitting above) based on the results in a data table (sit-
ting below) using DAX instead of filter propagation. But filters only ever automatically propagate
through the relationships downhill in the direction of the arrows.

A Refresher on Row Context

Row context refers to the ability of a special iterating function or calculated column to be “aware” of which
row it is acting on at each stage of formula evaluation. Some functions (e.g., the X-functions, FILTER ())
and all calculated columns have a row context. When you think about row context, think of the function (or
calculated column) iterating through the table one row at a time and selecting the single value (the intersec-
tion between the column and row) and then acting on that single value. Regular measures can’t do this; only
formulas that have a row context and calculated columns can perform this trick.

Let’s look again at the SUMX () measure from Chapter 7, shown below.

Measure ? =4
Table Mame: Sales v
Measure Name: Total 5ales Including Tax SUMX ‘Jersinn|

Yalue Description:
Formula: fx Check DAY Formula

=5UNX[Sales, Sales[ExtendedAmount] + Sales[TaxAmt])

9 © 2 ©)

SUMX () first creates a row context over the Sales table (see #1 above). It then iterates through this table
one row at a time. At each row, it takes the single value that is the intersection of the Sales [Extend-
edAmount] column (#2) and the current row and adds it to the single value that is the intersection of the
Sales [TaxAmt] (#3) column and the current row. It does this for each row in the table specified in the first
parameter (#1) and then adds up all the values (#4).
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Note: One thing | often get asked at this point is “Why does the formula refer to the table name
twice—once in the first parameter and again inside the second and subsequent parameters?” The
reason is that the table names inside the second parameter are actually a fully qualified address
of the column. It is possible to have two columns with the same name in two different tables. You
must specify the table name first (TableName [ ColumnName]); otherwise, you may get the wrong
answer from the wrong column (same column name, different table). Also, it is possible that the
table in the first parameter could be (and often is) different to the tables where the columns come
from in the second and subsequent parameters.

In short, think of the first parameter as the name of the table to iterate over and think of the
references to the table name in the second parameter, TableName [ ColumnName], as being the
fully qualified address of the column you are operating on.

Row Context in Calculated Columns

You already know that iterator functions and also calculated columns have a row context. The main difference
between an iterator function (e.g., SUMX () ) and a calculated column is that the calculated column stores the
value calculated at each row of the iteration process in the column itself. Measures that have a row context
do not do this. In the SUMX () example, the function returns the final result to the pivot table without storing
all the intermediate values (beyond the need to temporarily keep track of them in memory during the calcu-
lation process). This is the main reason you should avoid using calculated columns, if possible: They take up
storage space in your data model and hence make your files larger and generally slower.

Understanding That a Row Context Does Not Automatically Create a
Filter Context

This is a very important point that you must understand clearly: A row context does not automatically create a
filter context. Also, a row context does not follow relationships. To understand this better, go to the Power Pivot

data model and jump to the Products table. Then go all the way to the right and insert a new calculated
column, as shown below.

“ Home Design Advanced 9

= . e
0y |: Data Type Wx |H| E |;|
Format
Clipboard Get External Refresh  PivoiTable Sortand Find Calculations  View
i Data - Filter = - - -
Formatting

X v fr :5um[SaIES[ExtendedAmnunt]]|

H.ﬂ subcategory [B8| safetystockievel EIEEEEReNL &

%

102... 30/06/200... Handlebars 500 | |
13 ... Current Handlebars 500
J2... 30/06/200... Handlebars 500

You should recognise this formula because it is exactly the same as the first formula in this book ([Total
Sales]):

=SUM (Sales [ExtendedAmount])
What value do you think will appear in every row of this new column? Do you expect it to be the total for
the product in each row? Do you expect it to be the total for all products? Well, the answer may surprise
you, and it is directly related to the point that a row context does not automatically create a filter context.
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[:ﬂ | @ = © = | Power Pivot for Excel - Supercharge Excel s... — O
Home Design Advanced
e
i [ A %) % = ik 2 5
{3
Clipboard Get External Refresh  PivotTable Formatting Sort and  Find  Caleculations View

> Data -

- - - Filterv = -

-

[Calculated .., Ix |:SL.IM[SaIES[Extendedﬂ.mnunt]]

subCategory K8| safetyStockLevel K3 I Calculated Column1 |[*
142 | Current Touring Bikes 100 529,358,677
143 | Current Touring Bikes 100 529,358,677
144 | Current Touring Bikes 100 529,358,677
145 | Current Bottom Brackets 200 529,358,677
146 | Current Bottom Brackets 500 529,358,677
147 | Current Bottom Brackets s00 529,358,677
148 | Current Brakes 500 529,358,677
149 | Current Brakes 500 529,358,677
150 | Current Cranksets 500 529,358,677
151 | Current Cranksets 500 529,358,677
152 | Current Cranksets 500 529,358,677
153  Current Derailleurs 500 529,358,677

As you can see in the figure above, the value is the same for every single row in the table. There is no filtering
on the Sales table (or any other table, for that matter) as a result of this formula, and hence the answer
is always the same for every row. There is a row context in this formula: The rows are evaluated one at a
time. But that row context does not create a filter context. Given that there is no filter context, the Sales
table is completely unfiltered, and hence SUM (Sales [ExtendedAmount]) must return the result of the
unfiltered Sales table.

It is, however, possible to turn the row context from this calculated column into a filter context through a
process called context transition. To do this, simply wrap the above formula in a CALCULATE () function, as
shown below.

“ Home Design

Advanced

- T, [ . ; .
o O i J Data Type : Auto [Decimal Number) ™ %
| Kt - Format : General =
Clipboard Get External Refresh  PivotTable Sort and  Fine
- Data ~ - - $-% > Wb 4N Filter= -
Formatting
[Calculated .., - [ [FCALCULATE(sum(Sales[ExtendedAmount]})

4 B[suw - Caleulated Column 1 [~ R RaOL

Category [E@| SafetyStockLevel

Bike Racks 4 39360 |
Bike Stands 4 39591
Bottles and Ca... 4 21177.5600000001
Bottles and Ca... 4 20229.7500000004
Bottles and Ca... 4 15390.88
Cleaners 4 7218.59999999995
Fenders 4 46619.5800000005
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When you do this, the row context that exists in the calculated column is transformed into an equivalent filter
context. The CALCULATE () function then “runs” the filter propagation engine so the filter on the Products
table propagates through the relationship to the Sales table before the calculation is completed (for each
row in the table). You therefore potentially end up with a different value in each row of the column. The value
is actually the total sales for the product in each row (and some rows are blank because there are no sales).
You can think of the formula working like this:
= CALCULATE (SUM (Sales [ExtendedAmount]),
Products [ProductKey] = the product represented
by this row in the table
)

The concept of context transition works anywhere that a row context exists—that is, in calculated columns
as well as in iterators like FILTER () and SUMX (). This is the special use case first mentioned in Chapter 9,
where there are no filters at all needed inside CALCULATE (), but instead CALCULATE () creates a new filter
context from the row context via context transition. You can add additional filters inside CALCULATE (), too,
if you want or need to, but none are required.

The Hidden Implicit CALCULATE()

Now that you know that you can use CALCULATE () to convert a row context into a filter context, there is
one more thing you need to know. Consider this formula from earlier in the book:

Total Sales = SUM(Sales[ExtendedAmount])

Now think back to what you read on the previous page. What happened when we added a new column in
the Products table, as follows?

Total Sales Column =SUM(Sales[ExtendedAmount])

Do you remember? We got the value $29.3 million all the way down the new column in the Products table.
Why? Because there is a row context in a calculated column, but there is no filter context. The Sales table
is therefore completely unfiltered, and hence SUM (Sales [ExtendedAmount]) simply must return $29.3
million for every row.

Now back to this measure:
Total Sales = SUM(Sales[ExtendedAmount])

Notice that the formula for this measure is identical to the calculated column (the first example above but with
a different name, of course). So if the formula inside the measure is identical to the formula in the calculated
column, you can be excused for thinking that you could substitute the formula in the calculated column with
the actual measure, as follows:

Total Sales Column Alternate = [Total Sales]

If the measure [Total Sales] has the same formula, won’t we get the same result? Well, actually no. We
get a different result from before, as shown below.

“ Haome Design Advanced

= . : i ) .
& [ 0, J‘ Data Type : Auto (Decimal Number = i
=~ : Format ; General =
Clipboard Get External Refresh  PivotTable Sort and  Fimg
- Data = - = $-% » Tl 4% Filtter»  ~
Formatting
[Calculated €., - fJ:[Tutal Sales]

4| B subcategory Bl safetystockLeve,

Bike Racks 39360 |
Bike Stands 4 39591
Bottles and Ca... 4 21177.5600000001
Bottles and Ca... 4 20229,7500000004
Bottles and Ca... 4 153590.88
Cleaners 4 7218.59999999995
Fenders 4 46619.5300000005
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Go back and look again. Here is a summary of what you will find:
Total Sales Column 1 = SUM(Sales[ExtendedAmount])
This calculated column will return $29.3 million all the way down the column. There is a row context but no
filter context, so the formula must return $29.3 million for each row in the table.
This next calculated column will return the total sales for each product in the products table (a different
number for each product):
Total Sales Column 2 = CALCULATE (SUM(Sales [ExtendedAmount]))
There is a row context, and because of the CALCULATE () function, the row context is converted to an equiv-
alent filter context through the process of context transition. CALCULATE () converts the row context from
the Products table into an equivalent filter context, and this new filter context propagates to the Sales
table for each row of the calculated column.
The following calculated column also returns the total sales for each product in the Products table:
Total Sales Column 3 = [Total Sales]
This calculated column returns exactly the same result as Total Sales Column 2. If you take a look inside
the measure [Total Sales], you can’t actually see a CALCULATE () function; you didn’t include CALCU-
LATE () inthe measure. But there is an implicit CALCULATE () there that you can’t see. Every measure has an
implicit CALCULATE (), and that is why this calculated column behaves like column 2 and not like column 1.

Note: There is a lot to learn about context transition that is more advanced and beyond the scope
of this book. Any book by Marco Russo and Alberto Ferrari that covers context transition would be
a great learning resource (but not for the fainthearted). There are also some great videos available
at http://salbi.com and several articles on my blog, http://xbi.com.au/blog, on the topic. | provide
links to these and many other resources in Chapter 22.

If you’ve arrived at this point and don’t fully understand context transition, don’t worry: You are not alone.
This is one of the hardest topics to learn and understand well. Sleep on it for a few nights, do some practice,
and then come back and reread this chapter again (along with Chapter 9, on CALCULATE () ). You may need
to reread this content many times before it completely sinks in.


http://SQLBI.COM/
http://xbi.com.au/blog
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11: DAX Topic: IF(), SWITCH(), and FIND()

DAX has a number of useful functions that allow you to apply a test and then branch the formula based on
the results from that test. You will most likely be familiar with this concept from the IF () function in Excel.

The IF() Function

The IF () function in DAX is almost identical to IF () in Excel:
IF(Logical Test, Result if True, [Result if False])

Note that the last parameter, [Result if False], is optional. If you omit this parameter and the result is FALSE,
the IF () formula returns BLANK ().

The SWITCH() Function

The SWITCH () function is a lot like Select Case in VBA programming. The structure of a SWITCH () for-
mula is as follows:

SWITCH (expression, value, result|, value, result]...[, elsel])
This syntax is a little confusing, so let’s go through a simple example with another calculated column.

Navigate to the Power Pivot window, go to the Customers table Data view, and move to the right, ready to
add this new calculated column:
= SWITCH (Customers [HouseOwnerFlag],1l, "Owns their house",0,"Doesn't own
their house", "Unknown")
It is much easier to understand SWITCH () if you use http://daxformatter.com to improve the layout, as
shown below.

DAX

FORMATTER

Customers[HouseOwnerFlag],

F ] F ]

2

You can see in this figure above that line 3 is the branching point. The possible values in the HouseOwnerFlag
column are 0 and 1 in this instance. Lines 4 and 5 offer up pairs of input and output values. So, if the value
of HouseOwnerFlagis 1, the result "Owns their house" is returned. If the value of HouseOwnerFlag
is 0, the result "Doesn't own their house" is returned.

Line 6 is a single value, and it applies to all other possible values of HouseOwnerFlag (although there are
none in this example).

The FIND() Function

The FIND () function in DAX is almost identical to the FIND () function in Excel. In DAX it has this format:
=FIND (FindText, WithinText, [StartPos], [NotFoundValue])

Even though this syntax suggests that StartPos and NotFoundValue are optional, in my experience (as of this
writing), you actually do need to provide values for these parameters.


http://daxformatter.com

11: DAX Topic: IF(), SWITCH(), and FIND()
An Example Using IF() and FIND()

This example shows how to create a calculated column on a lookup table. As | have said previously, it is per-
fectly valid to create calculated columns in lookup tables, but wherever possible, it is better practice to create
these columns in your source data or using Power Query. Remember why this is important:

89

¢ Calculated columns may take up more space than imported columns (but this is generally not a major
issue for lookup tables).

¢ |f you are manually creating a calculated column, it exists only in that single workbook, and you need
to re-create it over and over for every other workbook where you need the column.

If it is not possible to create a column in your source data for some reason, then creating a calculated column
instead is a great solution, particularly for lookup tables.

In this example, you are going to create a column for mountain products that doesn’t exist in your lookup
table. Any product with the word mountain in the description will be flagged as a mountain product.

In Power Pivot, switch to Data view if needed and navigate to the Products table. Scroll all the way to the
right of the table until you see the Add Column heading. Click just below Add Column (see #1 below) and
then click in the formula bar (#2).

Home Design Advanced a
™ L D’" ) % = i z 55
[
Clipboard Get External Refresh  PivotTable Formatting Sortand Find  Calculations  View
- Data ~ - - - Filter= = - -
| M < |@) ¥
HE EndDate ﬂ SubCategory [ - | SafetyStockLevel | - | Add Column 2
102.. 30/06/200... Handlebars 500 | €))] |
13 ... Current Handlebars 500

Then type the following formula:

=FIND ("Mountain", Products[ModelName],1,0)
This formula searches for the word mountain in the Mode1Name column. Remember that because a calcu-
lated column has a row context, it is possible to refer to the column in this way, and it will calculate a result
for every row in the Products table and store the answer in the column.
The result is an integer representing the starting position where the word mountain is found. If the word
mountain is not found, then the value 0 (the last parameter in the formula) will be returned. So, you get
something like the table shown below.

Home Design Advanced 0
- -
O [ gl ) % x i 2 iz
{3
Clipboard Get External Refresh  PivotTable Formatting Sortand Find Calculations View
2 Data - < < < Filter = < < <

[Calculated ...

I |=FIND["Mcnumain",Prnducts[MudelName],l,D] |¥

[ endvete B status ] subcategory [ satetystockLevel e NIRRT
1 30/06/200... Handlebars 500 | al
Current Handlebars 500 4
30/06//200... Handlebars 500 4
Current Handlebars 500 4
30/06/200... Handlebars 500 |
Handlebars 500 4

Current
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This table is not overly useful as is, but you can wrap an IF () statement around this formula to make it more
useful. As shown below, you can use the IF () statement to return TRUE if the number is greater than zero
(i.e., if it is a mountain product) and return FALSE if it is equal to zero (i.e., it is not a mountain product).
You should also rename the column heading Is Mountain Product (by double-clicking the heading and
typing the new name).

Home Design advanced ﬂ !

— e -« = —
lf’D Select : <Default> = L& =, '$ !' 1 Data Category : Uncategorized -

Create and Show Implicit  Summarize Default Table Sy ¥
Manage Measures By Field Set Behavior

[ P\trspemves Repnrtmg Propeérties La
[_rs Mountain.. - fx._n{FIND: Mﬂunta:n F'rc:durta[ModelName] li}};ﬂ "True” 'False"] ¥
1 30/06/200... T In-ue |

2 Current Handlebars 500 True

ER  30/06/200... Handlebars 500 True

i Current Handlebars 500 True

5 30/06/200... Handlebars 500 True

b Current Handlebars 500 True

bl 30/06/200... Handlebars 500 False

B Current Handlebars 500 False

N 30/06/200... Handlebars 500 False v

Now you have a new calculated column, and you have further enhanced your data model to be more useful.
Remember that this calculated column will take up space in your file and disk. However, given the small num-
ber of unique values (only True and False in this case) and the fact that this column is in a lookup table,
this column won’t take up much space. The greater the number of unique values in a column, the more disk
space and memory the column consumes.

You can now use this new column anywhere in a pivot table to produce new insights that weren’t previously
visible in the data. Because this formula is a column in the data model, it can be used to filter the pivot table.

Drag fields between areas below:

Filters Columns

|z Mountain Product ~

Rows = Values

Occupation & Total Sales i

In the example below, this new column is placed on Columns in a pivot table.

Total Sales Column Labels -

Row Labels |~ False True Grand Total
Clerical 53,283,754 51,401,033 54,684,787
Management 3,431,066 52,036,795 $5,467,862
Manual 51,964,880 5893,091 52,857,971
Professional 56,088,790 53,819,187 59,907,977
Skilled Manual 54,378,594 52,061,487 56,440,081

Grand Total $19,147,085 510,211,593 529,358,677
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12: DAX Topic: VALUES() and HASONEVALUE()

In Chapter 9 lintroduced the idea that CALCULATE () can use two types of filters: simple filters and advanced
filters. Simple filters are in this form:

TableName[ColumnName] = some value
On the other hand, an advanced filter takes a table as a filter input. In other words, you use an existing table
(or create a virtual table on-the-fly) that contains the rows you want included in the filter, and CALCULATE ()
applies that filter to the data model before completing the evaluation of the main expression.

Creating Virtual Tables

The tables you create using functions can be thought of as being “virtual” because they are not physically
stored as part of the data model. They are created on-the-fly inside your DAX formulas and can be used
during the evaluation of just the specific formulas containing the virtual table. Importantly, when you create
a virtual table using a formula, the new virtual table will have a virtual relationship to the data model, and
that virtual relationship will propagate the filter context in exactly the same way that the permanent rela-
tionships do. (You’ll learn more about this later in the chapter.) Virtual tables are said to retain lineage with
their source tables.

The VALUES() Function

VALUES () is the first function you have come to in this book that returns a (virtual) table. If you type the
word values into the Measure dialog and read the tooltip before typing (, you can see that this function
returns a table, as shown below.

|”

Measure ? >

Table name:; |Calenu:|ar j

Measure name: |measure 1

Description: |

Formula: [ | Check formula

=values -
HUALUES Retums a one column table or a table that contains the distinct (unigue) values in a column.

Formatting Opticns

Category:

Mumber
Cumency

Diate
TRUE/FALSE

0K Cancel |
.

One important thing to note about VALUES () is that it respects the initial filter context coming from your
pivot table. So if you combine this fact that VALUES () respects the initial filter context with the information
provided by IntelliSense in the image above, you will see that VALUES () returns a single-column table that
contains the list of all possible values in the initial filter context.

It’s time to work through some examples that demonstrate the point.
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A Calendar Example
Set up a new pivot table like the one shown below and put 'Calendar' [CalendarYear] on Rows.

Row Labels | -

2001

2002

2003

2004

Grand Total

Then write the following measure in the Measure dialog box:

Total Months in Calendar
= COUNTROWS (VALUES ('Calendar' [MonthName]) )

Note: The following formula will not work here:
Total Months in Calendar wrong
= COUNTROWS ('Calendar' [MonthName])
This formula doesn’t work because COUNTROWS () expects a table as the input, but 'Calen-
dar' [MonthName] is not a table; rather, it is a column that is part of a bigger table (the Calen-
dar table, in this case).

When you wrap 'Calendar' [MonthName] inside the VALUES () function, this single column that is part
of the Calendar table is converted into a table in its own right, and it retains a relationship (lineage) to the
original Calendar table. This new table returned by VALUES () is still a single column, but now it technically
is a table with the column instead of simply being a column that is part of some other table (Calendar, in
this case).

SoVALUES ('Calendar' [MonthName]) returns a single-column table of possible values that respects the
initial filter context coming from the pivot table. It is not possible to put this new table created by VALUES ()
into a regular measure unless you wrap it inside some other formula (e.g., an aggregator). In the example
above, you first create the table (the VALUES part of the formula) and then count how many rows are in the
table by using the COUNTROWS () function:
Total Months in Calendar
= COUNTROWS (VALUES ('Calendar' [MonthName]))

Row Labels ~ Total Months in Calendar

2001 ]
2002 12
2003 12
2004 12
Grand Total 12

Notice how the year 2001 has only 6 months, and the other years all have 12. This is proof that the VALUES ()
function respects the initial filter context from the pivot table. The initial filter context for the first row in the
pivot tableis 'Calendar' [CalendarYear] =2001. That filter is applied to the calendar table before the
formula [Total Months in Calendar] is calculated. VALUES () takes this “prefiltered” version of the
calendar table (only dates where the year = 2001 are left unfiltered) and returns a single-column table that
contains a distinct list of the possible values in the initial filter context.

Simulating the Result from the Pivot Table in the Power Pivot Window

You can simulate what is happening here by going into the Power Pivot window, browsing to the Calendar
table, and applying a filter on the Calendar table to show only calendar year = 2001 (see below).

If you then go to the MonthName column and select the filter, you see that only months in the second half
of the calendar year exist.
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WeekMNumberOfYear m MonthNumber

2l

Al

SortAtoZ
SortZto A

Clear Sort From "MonthMName"

Clear Filter From "MonthName" F

Text Filters

Select All
August
December
July
MNovember
October

September

Ok

Cancel

Returning a Single Value

VALUES () returns a single-column table of unique values from any column in any table, and this new table
of values respects the initial filter context coming from the pivot table. There is another very cool feature
of VALUES () that is very powerful: In the special case where VALUES () returns just a single row in the
single-column table (i.e., one value), you can refer to this value directly in your formulas.

If you take the example created above, remove CalendarYear from Rows, and put MonthName on Rows

instead, you should get the following.

April
August
December
February
January
July

June
March

May
Movember
COctober
September
Grand Total

Row Labels ~ Total Months in Calendar

e T
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Now you can see above that with the exception of the grand total, each row in the pivot table has only a
single value for [Total Months in Calendar]. So as long as you write the formula in such a way that it
operates over only a single row of the table, you can create a measure that returns the name of the month
into the actual pivot table Values section (i.e., not Rows, as you can see above).

To write this formula, you need to provide “protection” for the other possible scenarios where the code
VALUES ('Calendar' [MonthName]) could have more than one row in the table. This is done using the
formula HASONEVALUE (), like so:
Month Name (Values)
= IF (HASONEVALUE ('Calendar' [MonthName]),
VALUES ('Calendar' [MonthName])
)

Row Labels | = | Total Months in Calendar Month Name (Values)

April 1 April
August 1 August
December 1 December
February 1 February
January 1 January
July 1 July

June 1 June
March 1 March
May 1 May
Movember 1 November
October 1 October
September 1 September
Grand Total 12

Remember that the structure of an IF () statement is as follows:
= IF(Logical Test, Result if True, [Result if False])
The last parameter is optional. If you leave it out, then you are accepting the default value of BLANK () .

If you write the above formula without the HASONEVALUE () function, it will throw an error. Even if you
remove the grand total from the pivot table, it will still throw an error. DAX allows you to use the single value
returned in a single row of the single-column table (created by Values) only if you protect the formula with
HASONEVALUE ().

Note: The DAX function called CONCATENATEX (), first released in Excel 2016, iterates over a list
of values in a table and concatenates them together into a single value. Using this new function
therefore allows you to write a formula that returns the single value when there is just one value
and then concatenate all the values into a single value when there are multiple values. Such a
formula might look like this:
Month Name (Values)
= CONCATENATEX (VALUES ('Calendar' [MonthName]),
'Calendar' [MonthName],", ")

)
There is no need to use the IF HASONEVALUE () testin this example because CONCATENATEX ()
correctly manages the scenario where there is more than one row in the Values virtual table.

Here’'s How: Changing the MonthName Sort Order

In the example above, you can see that the month names in the pivot table are sorting in alphabetical order
rather than in the logical month order of a calendar year. By default, all columns in all tables sort in alphanu-
meric order. It is, however, possible to change the sort order.
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Follow these steps to change the sort order in a table:
1. Go to the Power Pivot window and navigate to the Calendar table in the Data view.

2. Click in the MonthName column (see #1 below) and then click the Sort by Column button (#2) and
select Sort by Column (#3).

- %lo mallest to Larges E ¥ AutoSum -
wSrtSIIttLgtY){ lT-r"I[H] Autas D[

;l Sort Largest to Smallest Create KPI
Clear All| Sort by Find Data |Di
Clear Sort Filters |Column = Wiew |
Sort and Filter T+ Sort by Column... @ ions

#  Clear Sort by Column

WeeLNumberﬂerar MonthMName ﬂ MonthMNumberOfYear |

40 October

275 dtlﬂctober ﬂ! l 10

3. Inthe Sort by Column dialog box that appears, set the By Column value to MonthNumberOfYear.

Sort by Column ? x

Select the column to be sorted and the column by which it is sorted (for example, sort the month
name by the month number). Click the link below to learn how to sort by a column from a different

table.
Sort By

Column Column

VorihName I Rl - mberOrvear ~l
How to sort by & column from a different tahle? Cancel

4. When you return to your pivot table, the rows are sorted in logical month order, as shown below.

Row Labels - Total Months in Calendar Month Name [Values)
January 1 January
February 1 February
March 1 March
April 1 April

May 1 May

June 1 June

July 1 July
August 1 August
September 1 September
October 1 October
Movember 1 Movember
December 1 December
Grand Total 12

It is best practice to always load a numeric column in your lookup table for every alphabetical column that
needs to be sorted in a different order. You should therefore always include a numeric column in your Cal—-
endar table for days of week as well as months of year.

Note: When you create a numeric sort column in a table, there must be a one-to-one match be-
tween the values in the numeric sort order and the values in the column to be sorted.
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Practice Exercises: VALUES()

Create a new pivot table and put Products [Category] on Rows and the measure [Total Number of
Products] on Values. Then write the following measures by first creating a VALUES () table and then
wrapping this table inside a COUNTROWS () function, as in the example shown earlier in this chapter. Find
the solutions to these practice exercises in Appendix A.

39. [Number of Color Variants]
40. [Number of Sub Categories]
41. [Number of Size Ranges]

Use the column Products [SizeRange] for this one.

You should end up with a pivot table that looks like the one below.

Total Number of Number of Mumber of Sub  Number of

Products Color Variants Categories Size Ranges
Row Labels | ~
Accessories 35 ] 12 2
Bikes 125 5 3 5
Clothing 48 5 g 3
Components 189 7 14 ]
Grand Total 397 10 37 11

Note: Each of these measures is the equivalent of dragging the column name and dropping it into
the Values section for the pivot table. When you drop a text field into the Values section of a pivot
table, the pivot table creates an implicit measure and uses COUNT () as the aggregating method.
But recall that | recommended that you never do this. The names created by implicit measures
are ugly, and you need the DAX practice, so you should always write explicit DAX measures.

Next, you should use the same pivot table from above but remove the measure [Number of Size Ranges]
from the pivot table. Then write the following measures that each return a single value (the text name) into
a cell in the pivot table. Each formula has the word (Values) in the name so it is clear that the formulas
are returning the actual value to the pivot; this is just a “note to self” In each example, make sure you wrap
your VALUES () function in an IF (HASONEVALUE () ) function, as in the example earlier in the chapter.

42. [Product Category (Values)]
43. [Product Subcategory (Values)]
44. [Product Color (Values)]

When you have finished, your pivot table should look as shown below. Notice that two of these measures
are blank. This is because the VALUES formula has more than one value, and hence the IF HASONEVALUE
part of the formula returns a BLANK () ; this is the default if you omit the last parameter.

Product Product
Total Number of Numhet of Number of Sub I'ilumber of Category subcategory Product Color
S Products Color Variants  Categories  Size Ranges (Values) (Values) (Values)
Accessories 35 6 12 2 Accessories
Bikes 125 5 3 5 Bikes
Clothing 43 5 3 5 Clothing
Components 189 7 14 6 Components

Grand Total 397 10 37 11
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45. Modifying Practice Exercise 43

Try editing the IF() statement for [Product Sub Category (Values)] so that it returns the value More than 1 Sub
Category instead of BLANK(). The syntax for IF is IF (Logical Test, Result if True, Result if False).

46. Modifying Practice Exercise 44

Now try editing the IF () statement for [Product Color (Values) ] so that it returns More than 1
Color instead of BLANK (). You should end up with something like the following (which shows answers for
Practice Exercises 45 and 46).

Product

Total Numberof =~ Mumberof Number of Sub Number of At Product Subcategory Product Color
Products Color variants  Categories  Size Ranges {values) [walues)

Row Labels - (values)

Accessories 35 & 12 2 Accessories  More than 1 5ub Category  More than 1 Coler
Bikes 125 5 3 5 Bikes More than 1 5ub Category Maore than 1 Color
Clathing 48 5 8 5 Clothing More than 1 5ub Category More than 1 Color
Components 189 T 14 & Components More tham 1 5ub Category More than 1 Color
Grand Total a7 10 37 11 More than 1 Sub Category More than 1 Color

Finally, add a couple slicers to your pivot table and watch what happens when you use them. Click inside
your pivot table and then select Insert, Slicer from the main ribbon. From the Products table, add slicers
for colour and subcategory. When you click on these slicers, the values in the pivot table update to reflect
the filtering in the slicers.

Total Number  Numberof MNumber of Sub Number of Product Category  Product Subcategory Product Color (Values)
roduct Color (Values

of Products  Color Variants  Categories  Size Ranges (Values) (Values)

Row Labels |~

Accessories 3 1 1 1 Accessories Helmets Blue

Bikes 13 1 1 4 Bikes Touring Bikes Blue

Clothing 3 1 1 3 Clothing Vests Blue

Components 9 1 1 4 Components Touring Frames Blue

Grand Total 28 1 1 8 More than 1 Sub Category Blue

subCategory 3= Color = %

Helmets " Black (]
Touring Bikes Blue
Touring Frames Grey
Vests o Multi e
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13: DAX Topic: ALL(), ALLEXCEPT(), and
ALLSELECTED()

The DAX functions ALL (), ALLEXCEPT (), and ALLSELECTED () are all very similar in what they do. Let’s
start with ALL () and then look at the other two variants.

The ALL() Function

The ALL () function removes all current filters from the initial filter context (or any other filter context that
exists, for that matter). For this reason, ALL () can be considered the “remove filters” function. The easiest
way to understand this is with an example.

Create a new pivot table and put Products [Category] on Rows and put the [Total Number of Prod-
ucts] measure you created earlier on Values. You get the pivot table shown below.

Row Labels @~ Total Number of Products

IAccessories 35
Bikes 125
Clothing 48
Components 189
Grand Total 397

Technically what is happening above is that the first row in the pivot table (which is highlighted in the figure)
is filtering the Products table so that only products that are of type Products [Category]="Acces-
sories™ are visible (unfiltered) in the underlying table; the other products are all filtered out. They are not
really visible, but you can imagine what the underlying table in your data model would look like with a filter
applied to Accessories behind the scenes. You can simulate this in the Power Pivot window as shown below.

| B4 Class B categoy B
7|l sortAtoz
Zl sortZtoA
Clear Sort From "Category™

Clear Filter From "Category™

Text Filters -

m (Select All)
Accessories
] Bikes

] Clothing

[ Components

ol Cancel

Back to the pivot table. After the pivot table applies a filter to the underlying tables, the measure [Total
Number of Products] counts the rows that survive the filter. It does this for every cell in the pivot table,
one at a time, including the grand total cell. In the case of the grand total cell, there is no filter applied at all,
so the measure counts all rows in the table—completely unfiltered.

Now create the following new measure that uses the ALL () function:
Total All Products = COUNTROWS (ALL (Products))
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The ALL () function returns a table. You can’t see the table, but you can wrap COUNTROWS () around it so
you can see how many rows are in the table.

As you type this formula, if you pause while typing, IntelliSense displays the syntax for ALL (), as shown below.

Measure ? >

Table name: |F‘n:u:|uu:ts j

Measure name: |T|:|ta| All Products

Description: | q; I

Formula: fx Chw pause I-Iere

=COUNTROWS{ALL{Products)
ALL{Table MNameOrColumnMame, [ColumnMNamel], ...}

see [ntelliSense here

Formatting Options

Category:

Mumber
Cumency

Date
TRUE/FALSE

Carce

In this case, IntelliSense is saying that you can pass either a table or a single column as the first parameter for
ALL (). In this example, you are passing the entire table. When you have finished typing this formula, add
the measure to your pivot table, and you should get the results shown below.

Row Labels ~ Total Number of Products Total All Products

Accessories 35 397
Bikes 125 397
Clothing 48 397
Components 189 397
Grand Total 397 397

You can see from this pivot table that the new measure (the one on the right) is ignoring the initial filter
context coming from the rows in the pivot table. What is happening here is that, first of all, the initial filter
context is set by the row Products [Category], but the ALL () function always returns an unfiltered copy
of the table, and hence it returns the entire Products table instead of the filtered Products table. So
COUNTROWS () returns 397 for every row in the pivot table—including the grand total, as before.

Using ALL() as an Advanced Filter Input

The most common use of ALL () is as an advanced filter table input to a CALCULATE () function. Let’s look
at an example using ALL () as a table input to CALCULATE ().

A good use for ALL () inside CALCULATE () is to remove the filters that are naturally applied to a pivot table
so that you can access the number that is normally in the grand total line of the pivot table. Once you can
access the equivalent grand total from any row in the pivot table, you can easily create a measure that finds
the percentage of the total, which would be very useful indeed. The concept will make more sense as you
work through the following example.
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Calculating the Country Percentage of Total Sales

Say that you want to calculate the country percentage of global sales. First of all, set up a pivot table with
Territories[Country] on Rowsand [Total Sales] on Values, as shown below.

Row Labels ~ Total sales

Australia 59,061,001
Canada 51,977,845
France 52,644,018
Germany 52,894,312

United Kingdom 53,391,712

United States 59,389,790

Grand Total 520,358,677

It is then possible to go to the Values area, click on the measure [Total Sales], and select Value Field
Settings.

B e -

[ fr Average
fx Total 5:
] _f-c Discour

Drag fields between :

Y Moveto Report Filter
Filters = Moveto Row Labels
Il Moveto Column Labels
2<  Remove Field
Rows |i_"o Walue Field Settings...
Country & Total Sales R

Then you can change the values and force them to display as % of Grand Total.
Value Field Settings ? x
Source Mame: Total Sales

Custom Mame: |Total Sales

summarize Walues By  Show Values As
Show values as

Mo Calculation e

Mo Calculation ~
% of Grand Total

% of Column Total

% of Row Total

%o Of

% of Parent Fow Taotal W

But if you do this, you are only changing the display format of the result and not actually calculating the per-
centage as part of your data model. This means you can’t use these percentages inside other measures, and
you also can’t reference the percentages from cube formulas (discussed in Chapter 20).
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Writing Your Own DAX Measures

Asillustrated in the preceding section, it is a good practice to create a new measure that will return the actual
value as a reusable asset in your data model. You can do this in two steps.

Tip: It is good practice to break the problem you are solving into pieces and solve one piece of
the puzzle at a time.

Step 1: Create a Grand Total Measure

Click inside your pivot table and create the following new measure:

Total Global Sales
= CALCULATE ([Total Sales], All (Territories))

Measure ? =

Table name: |Ten‘itu3ries " |

Measure name: |TDtaI Global Sales |

Description: | |

Formula: | fr | | Check formula

=CALCULATE(Total Sales] , All(Temtories) )

Faormatting Options

Category:
General Symbal: | g e
Mumber
=) Decimal places: =
Date
TRUESFALSE Use 1000 separator ()

Corcel

As you know, the first parameter of CALCULATE () is an expression, and the subsequent parameters are
filters that modify the filter context. In this case, you are passing a table as the filter context. This table is
ALL (Territories), which is actually an unfiltered copy of the entire Territories table.

After you add the new measure to the pivot table, it looks as shown below. Do you see that the new measure
is ignoring the initial filter context coming from the pivot table? CALCULATE () is the only function that
can modify the filter context (along with CALCULATETABLE () ). In this case, CALCULATE () is replacing
the initial filter context on Territories [Country] with a new filter context (an unfiltered copy of the
Territories table).

Row Labels | Total Sales Total Global Sales

Australia $9,061,001 $29,358,677
Canada $1,977,845 $29,358,677
France $2,644,018 $29,358,677
Germany $2,894,312 $29,358,677
NA $29,358,677
United Kingdom  $3,391,712 $29,358,677
United States $9,389,790 $29,358,677

Grand Total $29,358,677 $29,358,677
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Step 2: Create the Percentage of Total

After you have created the measure [Total Global Sales], itis easy to create a new calculated field to
calculate the country percentage of global sales, as follows:

% of Global Sales

Supercharge Excel

= DIVIDE ([Total Sales] , [Total Global Sales])

Table name: |Ten'it|:|ries

Measure name:  |[% of Gobal Sales |

Description: | | !

Formula: | frr | | Check formula |

=0IVIDE([Total Sales] ., [Total Global Sales])

Formatting Options

Category:
Format: ~
7 Decimal places:
Date
TRUEFALSE [] Use 1000 separator (,)

Corcel

Make sure you format this measure so that Category is set to Number, Format is set to Percentage, and Dec-
imal Places is set to 1, as shown above. You end up with a pivot table like the one below.

Row Labels ~ | Total sales Total Global Sales % of Gobal Sales

Australia $9,061,001 $29,358,677 30.9%
Canada $1,977,845 $29,358,677 6.7%
France $2,644,018 $29,358,677 9.0%
Germany $2,894,312 $29,358,677 9.9%
NA $29,358,677

United Kingdom  $3,391,712 $29,358,677 11.6%
United States $9,389,790 $29,358,677 32.0%
Grand Total $29,358,677 $29,358,677 100.0%

The final step is to remove the [Total Global Sales] measure from the pivot table.

Note: You don’t actually need the interim measures you write to be placed in the pivot table in
order for the [% of Global Sales] measure to work. But you should notice how much easier it
is to visualise what is happening when you write these measures in the context of a pivot table.
When you do it this way, you can easily see how the [Total Global Sales] value is the same,
regardless of the country in the pivot table, and hence you can immediately see that you just need
to divide the country sales by this total global sales amount, and it is going to work.

The final pivot table is shown below, with some conditional formatting applied to make it easier to read.
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Row Labels ~ | Total Ssales % of Gobal Sales

Australia ¢9,061,001 [ 30.9%
Canada 41,977,345 | 6.7%
France $2,644,018 0 | 9.0%
Germany $2,894,312 [0 | 9.9%

United Kingdom $3,391,71200 |  11.6%

United States 59,389,?90. 32.0%

Grand Total $29,358,677 100.0%

Passing a Table or a Column to ALL()

Before we finish with ALL (), it is worth pointing out that this next measure would return exactly the same
result as [Total Global Sales] in the pivot table example in the section “Step 1: Create a Grand Total
Measure,” above:
Total All Country Sales
= CALCULATE ([Total Sales] , ALL( Territories[Country] ) )

Notice that this measure passes a single column instead of the entire table to the ALL () function. So in
this specific pivot table, the values for [Total Global Sales] and [Total A1l Country Sales] are
identical (see below).

Row Labels | - Total 5ales Total Global 5ales Total All Country Sales

Australia 49,061,001 429,358,677 29,358,677
Canada $1,977,845 $29,358,677 429,358,677
France $2,644,018 $29,358,677 429,358,677
Germany 42,804,312 429,358,677 429,358,677
NA $29,358,677 29,358,677
United Kingdom  $3,391,712 29,358,677 429,358,677
United States 49,389,790 429,358,677 429,358,677
Grand Total $29,358,677 $20,358,677 $29,358,677

However, the measure [Total A1l Country Sales] would not work (i.e., it would not remove the filter)
if there were some other column on Rows in the pivot table (something other than Country).

To test this, remove Territories [Country] from Rows in the pivot table and replace it with Territo-
ries[Region]. You get the result shown below.

Row Labels |~ Total Sales Total Global Sales Total All Country Sales

Australia $9,061,001 $29,358,677 $9,061,001
Canada $1,977,845 $29,358,677 1,977,845
Central 43,001 $29,358,677 §3,001
France $2,644,018 $29,358,677 $2,644,018
Germany $2,894,312 $29,358,677 $2,894,312
NA $29,358,677

Northeast 86,532 $29,358,677 $6,532
Northwest $3,649,867 $29,358,677 $3,649,867
Southeast $12,239 $29,358,677 $12,239
Southwest $5,718,151 $29,358,677 §5,718,151
United Kingdom  $3,391,712 $29,358,677 43,391,712
Grand Total 429,358,677 $29,358,677 $29,358,677

Notice the difference between passing the entire table name to the ALL () function and passing a single
column. [Total Global Sales] removes the filter from the entire Territories table, but [Total
All Country Sales] removes filters only from the Territories [Country] column of the table. In the
image above, there is no filter on the Territories [Country] column of the table, and hence ALL () has
no effect on the visual.

Remove [Total A1l Country Sales] from the pivot table before proceeding.
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The ALLEXCEPT() Function

ALLEXCEPT () allows you to remove filters from all columns in a table except the ones that you explicitly
specify. Consider the following example:

Supercharge Excel

Total Sales to Region or Country

= CALCULATE ([Total Sales], All(Territories[Region]), All(Territo-
ries[Countryl])

)
ALLEXCEPT () solves the problem implied above where you need to specify many columns individually in
the case that you want most (but not all) columns in your formula. The above formula works when you have
Territories [Country] on Rowsand also whenyou have Territories[Region] on Rows, butit does
not work with Territories [Group] on Rows. If you have a lot of columns in your table, you have to write
a lot of DAX code to make such a formula work for all but a few of the columns.

This is where ALLEXCEPT () comes into play. The above formula can be rewritten as follows:
Total Sales to Region or Country 2
= CALCULATE ([Total Sales],

ALLEXCEPT (Territories, Territories[Group])
)

Note: You must first specify the table that is to be included and then specify the exception columns.
The above formula removes all the filters from all columns in the Territories table, except for
any filters applied to the Territories [Group] column. If there were 20 columns in the table
and you wanted to remove filters on 19 of them, this function would be very useful indeed.

The ALLSELECTED() Function

The ALLSELECTED () function is useful when you want to calculate percentages as shown above and you
have a filter applied (say, via a slicer), but you want the total in your pivot table to add up to 100%.

Say that you’re working with the same pivot table used earlier in this chapter but now with a slicer that filters
on Territories [Group]. Notice below that [$ of Global Sales] adds up to 38.7%; this is correct
because the other countries that make up the remaining 61.3% have been filtered out by the Group slicer.

Group = & Row Labels ~ Total Sales % of Gobal Sales
Canada 41,977,845 | 6.7%

Europe Central $3,001 0.0%
MNaorth America Mortheast 56,532 0.0%
Dacific Northwest 83,649,867 0 [12.4%
Southeast $12,239 0.0%

NA Southwest 45,718,151
Grand Total  %$11,367,634 38.7%

But say that you want to see the percentage of each region out of all the values in the pivot (in this example,
just the regions in the group North America as selected in the slicer). This is where ALLSELECTED () comes
in. ALLSELECTED () removes the filters from the pivot table but respects the filters in the slicer.

Add the following measure to the above pivot:

Total Selected Groups
= CALCULATE ([Total Sales], ALLSELECTED (Territories))

Group = X Row Labels ~ Total Sales % of Gobal Sales TotalSeIecntEd Groups
Canada 41,977,845 | 6.7% 511,367,634

Europe Central $3,001 0.0% 411,367,634
NA Northeast 56,532 0.0% $11,367,634
North America Morthwest 33,649,867 I ]12.4% $11,367,634
Southeast 12,239 0.0% $11,367,634

Pacific Southwest 718,151 $11,367,634

Grand Total | $11,367,634 38.7% $11,367,634
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Notice how the interim measure [Total Selected Groups] is returning the same value as the grand total
of the items in the pivot table. Using the same steps as before, you can now write a new measure [% of Se-
lected Groups] and then remove the interim measure [Total Selected Groups] from the pivot table.
Now write the following measure:
% of Selected Groups
= DIVIDE ([Total Sales] , [Total Selected Groups])

Group = % Row Labels - Total Sales % of Global Sales % of Selected Groups
Canada $1,977,845 | 6.7% 17.4%

Europe Central $3,001 0.0% 0.0%
North America MNortheast 56,532 0.0% 0.1%
Northwest $3,649,867 0 |12.4% 32.1%

Pacific Southeast $12,239 0.0% 0.1%
NA Southwest $5,718,151 I 19.5%) 50.3%
Grand Total $11,367,634 38.7% 100.0%

Remember to format this new measure with Category set to Number, Format set to Percentage, and Decimal
Places set to 1.

Using Interim Measures

Remember that it is good practice to split a problem into pieces and solve one piece of the problem at a
time. My advice is to get used to creating interim measures first and then writing the final measure that you
actually need. Doing this helps you visualise each step of the process and makes it easier to get each part of
the end-state formula correct before you proceed to the next step.

It is, of course, possible to write one single measure that does all the steps you just went through. This is
what it would look like:

% of Selected Groups ONE STEP
= DIVIDE (
[Total Sales] ,
CALCULATE ([Total Sales], ALLSELECTED (Territories))
)
But this all-in-one formula is much harder to write, read, and debug—particularly when you are learning to
write DAX. It’s not wrong; it’s just harder, and life is too short to do things that are harder than they need to be.

Practice Exercises: ALL(), ALLEXCEPT(), and ALLSELECT-
ED()

It’s time for some practice. Create a new pivot table and put Customers [Occupation] on Rows and the
measure [Total Sales] on Values. You get the pivot table shown below.

Row Labels |~ Total sales

Clerical 54,684,787
Management 55,467,862
Manual 52,857,971
Professional 59,907,977

skilled Manual 56,440,081
Grand Total 420,358,677

Then, using the principles covered in this chapter, create the following measures by first creating the inter-
im measure you need and then creating the final measure. Find the solutions to these practice exercises in
Appendix A.
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47. [Total Sales to All Customers]
48. [% of All Customer Sales]

Now add a slicer for Customers [Gender] to the pivot table you just created and filter by Gender = M, as
shown below.

Gender = Y. | Rowlabels |~ Total Sales Total sales to All Customers % of All Customer Sales
Clerical 52,421,327 529,358,677 8.2%
F Management 82,793,527 529,358,677 9.5%
M Manual 51,463,060 529,358,677 5.0%
Professional 54,773,493 529,358,677 16.3%
skilled Manual ~ $3,093,651 529,358,677 10.5%
Grand Total 514,545,059 529,358,677 49.5%

Note that [$ of A11 Customer Sales] doesn’t add to 100%. This is correct because the other 50.5% of
customers are filtered out with the slicer.

Set up another pivot table with Customers [NumberCarsOwned] on Rows, Customers [Occupation]
on Slicer, and [Total Sales] on Values. Your job is to create the other measure in the pivot table below:
[% of Sales to Selected Customers]. When you are done, your pivot table should look like the one
below, with the last column showing the percentage of sales to customers based on the number of cars they
own, and that still adds to 100% even after you select different values in the slicer.

. v— +w |Rowlabels - Total Sales % of Sales to Selected Customers
Occupation = Ik
1] 52,660,886 56.8%
Clerical 1 51,204,496 25.7%
Management 2 5790,154 16.9%
3 528,141 0.6%
Manual 4 51,109 0.0%
Professional Grand Total 54,684,787 100.0%
Skilled Manual

Remember that in this case, you want to create an interim measure first, so you actually need to create the
following two measures and then remove the first one from the pivot table.

49. [Total Sales to Selected Customers]
50. [% of Sales to Selected Customers]

Inserting Slicers

It’s time to revisit slicers. Create a new pivot table and place DayName on Rows and place CalendarYear
and MonthName on Slicer (by clicking in the pivot table, navigating to the Insert tab, and selecting Slicer).
Create the pivot table shown below now and then read on to learn about the slicers.

MonthName = CalendarYear Y= Row Labels ~
. Friday
April August December | February 2001 2 Monday
January July June March 2002 Saturday
May November | October September 2003 Sunday

Thursday
2004 ¥ | Tuesday

Wednesday

Grand Total
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There are two things to notice here. First, the day names and month names are not sorted correctly in the
slicer (as discussed in Chapter 12), and also the month name is set up to display in a grid four wide by three
high instead of the default one column wide.

Note: Chapter 12 provides instruction on how to change column sort order. The sort order of the
table columns affects the sort order in pivot tables and also in slicers. You only need to set the
sort order once in your data model (for each column), and the new sort order will change the
sorting of both pivot tables and slicers. You should have already changed the sort order for the
MonthName column in Chapter 12. If you haven’t done that already, though, do it now.

There are two ways to insert a slicer with Excel 2013+. First, you can click in the pivot table and then click Insert,
Slicer and select the column you need (in this case, MonthName). But there is an easier way, as described next.

Here’'s How: Inserting a Slicer
Follow these steps to insert a slicer:
1. Click inside the pivot table.

2. Go to the PivotTable Fields list and right-click the column you need (see #1 below).
3. Select Add as Slicer (#2).

PivotTable Fields v
Active All
Choose fields to add to report: =
Search =
4 [T Calendar -
D
Date

DayMumberOfWeek

| DayName

DayMumberOfMaonth

DayMurnberOfyear

WeekMumberOfear

MonthMame QJ -
MonthMumbe Add to Report Filter
CalendarQuart Add to Row Labels
CalendarYear Add to Column Labels
FiscalQuarter | £  Add to Values

FiscalYear Add as Slicer g_,)'
Fizcal5emester

Perind
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4. You can then optionally change the slicer layout. Select the slicer, click Slicer Tools, Options (see #1
below), and then change the number of columns to 4 (#2).

Slicer Tools Eal

o
Power Pivot Options = Q Tellm what yo

m
—
L]
[ =]
L]

[} O B Columns: |4
LI e -

J . ED Height: |0.67 crn
Selection Align — -
Pane - oy Width: |2.52 cm

ED Height: |3.23 cm

oy Width: |10.8 cm

CF
'AEN: 4'\., =

Arrange Buttons Size P

Now is a good time to add [Total Sales] to the pivot table as it will help you visualise the interim steps
in producing this measure.

MonthName =
January February March April
May June July August
September October Movember December
CalendarYear |'=| Y. | Rowlabels ~ TotalSales
Sunday 52,321,342
2001 Monday $2,279,220
2002 Tuesday 52,315,978
Wednesday 52,391,460
2003
Thursday 52,349,082
2004 Friday 52,307,355
Saturday 52,356,967

Grand Total 516,321,404

Practice Exercises: ALL(), ALLEXCEPT(),
and ALLSELECTED(), Cont.

Okay, it’s time for some more practice exercises. Write the following two formulas. The first one is an interim
formula and can be removed from the pivot once you have finished the second formula. Find the solutions
to these practice exercises in Appendix A.

51. [Total Sales for All Days Selected Dates]
52. [% Sales for All Days Selected Dates]

Here’'s How: Using ALLEXCEPT()

| don’t use ALLEXCEPT () much, and you may not either, but it is still good to work through an example of
how it can be used. This section will give you some practice while also demonstrating one possible use case.

Say that you want to compare the percentage of sales across all occupations and see how it changes depending
on the other customer filters. Follow these steps:

1. Set up a new pivot table and place Customers [Occupation] on Rows.
2. Add slicers for Gender and NumberCarsOwned.
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3. Put [Total Order Quantity] on Values. You should have the pivot table shown below. Note that
the total order quantity will change as you click on the slicers.

Gender y= Row Labels |~ Total Order Quantity

Clerical 9,624

F M Management 10,594

Manual 6,924

NumberCarsowned = Professional 18,995

skilled Manual 14,261

o . - Grand Total 60,398
3 a4

A number of steps are required to get to the end state (which is shown below). The following practice ex-
ercises show the measures you need to create, in the proper order, to get to the end state. As you create
each measure, check that the results you see in your pivot table make sense. Once again, this is the reason
to write DAX in the context of a pivot table: It makes it easier to get your head around what you are doing.

The following pivot table shows all the measures you need to write (just so you have an overview of what
you’ll accomplish with the following steps).

Raseline Orders § Rasellng ¥thls  Total Orders
Gender = T Total Order Total Orders All N S i . = Occupathon % of Percentage Polnt

Al customens with  Ooupation lsof All - Selected
Quantity Customens o pe . Selected Customers  varlation to baseline

E W Row Labels - this Ocoupation Customer Orders  Customers
Clarical T &0, 3598 68,6324 15.9% 1,155 o3% =15.6%
" Management 72 60,358 10,584 17.5% 115% 39.7% 131%
MumberCarsOwn.. 3= % | ) 1 60,398 6,924 10.5% 2,199 0.0% -114%
o 1 2 Professional 1,263 60,398 18,995 A% 2,199 57.4% 26.0%
; - Skilled Manual 6 60,398 14,261 23.6% 2,199 5% -21.1%
Grand Total 2,199 60,398 60,798 100.0% 2,199 100.0% 0.0%

The image below shows the end state you are working toward, with just the final measures included.

R : * Total order  Occupation % of  Baseline % this Ocoupationis  Percentage Point
Row Labels = Quantity Selected Customers of All Custormer Orders variation to baseline
F M Clerical 7 0.3% I 15.9% -15,6%
Management 872 39.7% B 17.5% 0 223%
Manual 1 a.0% [ 11.5% -11.4%
MumberCarsOwned = % Professional 1,363 s7.4% I EYWL

Skilled Manual 56 2.5% IS 23.6%

o 1 z Grand Total 2,100 100.0% 100.0% 0.0%

3 4

As you can imagine, with this pivot table, it is possible to select different combinations of gender and number
of cars and then compare the variation between the baseline order quantity and the order quantities for the
selected filter.

Practice Exercises: ALL(), ALLEXCEPT(), and
ALLSELECTED(), Cont.

Write the following DAX formulas one at a time, checking to make sure each one looks correct before moving
to the next one. Find the solutions to these practice exercises in Appendix A.

53. [Total Orders All Customers]

To check this measure, click on the slicers and note that [Total Order Quantity] should change but
[Total Orders All Customers] should not change based on the slicers.

54. [Baseline Orders for All Customers with This Occupation]

This measure should also not change when you make changes to the slicers. However, note that you should
get a different value for each occupation—unlike with [Total Orders All Customers] above. This will
be the baseline for comparison.
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55. [Baseline % This Occupation of All Customer Orders]

This measure converts the baseline measure above into a percentage of the baseline for all orders. The de-
scription of this measure should help you work out how to write the DAX. Test the slicers again and make
sure this new baseline percentage doesn’t change with the slicers.

56. [Total Orders Selected Customers]

This measure should adjust depending on the selections you have in the slicers. Hint: Use ALLSELECTED ().

57. [Occupation % of Selected Customers]

You can use the interim measures above to create this one. Click the slicers a few times and see which values
change. This new measure should change based on the values you select in the slicers.

58. [Percentage Point Variation to Baseline]

This measure is the percentage of selected customers (Practice Exercise 57) minus the baseline (Practice
Exercise 55).

Now you should have an interactive pivot table where you can drill into customer attributes (gender and
number of cars owned) and see the impact on the mix of business vs. the baseline of all customers.

It is also worth pointing out here that sometimes it may be useful to change the descriptions of the final
measures as they appear in a pivot table. For example, while [Baseline % This Occupation of A1l
Customer Orders] is a good name for your measure because you know what it means, when you use this
measure in a specific pivot table, it may be a good idea to rename it. You can do this by just clicking on the
heading in the pivot table and giving it a new name.

After giving your measures new names, you might end up with something like the pivot table shown below.

Gender v h# Share of Baseline Share Variation to

e e e e baseline
5 - Clerical 7 0.3% B | 15.9% -15.6%
[T ——— Management s7: R B | 17.5% 22.1%
— % | Manual 1 o.0% B | 11.5% -11.4%
o 1 2 Professional 1,263 D 57.4% I 31.4%/| 26.0%
; . skilled Manual s6 | 2.5% B 25.6% | 21.1%
Grand Total 2,199 100.0% 100.0% 0.0%

Note: If you change the description in the pivot table, the easiest way to change it back is to
right-click the heading name in the pivot, select Value Field Settings, and then change the Custom
Name setting in the Value Field Settings dialog box, as shown below.

Share of Baseline Share Variation to
Total Orders i i
Row Labels - Selected Filter | All Customers baseline
Clerical 7| 0.3% | 15.9% -15.6%
Management z72 39.7% | | 17.5% 22.1%
Manual 1 ool ] 115% -11.4%
Professional 1,263 57.4% 31.4% 26.0%
skilled Manual 56 25% I 2h.6% -21.1%
Grand Total 2,199 100.0% 100.0% 0.0%
Value Field Settings ? >

Source Mame: Baseline % this Occupation is of All Custame...

Custom Mame: |Baseline Share All Customers

Summarize Values By  Show Values As
Show values as

Mo Calculation ~
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14: DAX Topic: FILTER()

FILTER () is a very powerful function in DAX. When FILTER () and CALCULATE () are combined, these
two functions allow you to alter the filter context in your pivot tables any way you want. However, before we
move on to using FILTER () with CALCULATE (), | think it is worth looking at FILTER () on its own with
a couple of simple examples.

These examples demonstrate how the FILTER () function works, but you probably would not actually write
such formulas in real DAX. These formulas are created here just for demonstration purposes.

The syntax of FILTER () is as follows:
= FILTER(Table, myFilter)

Table is any table (or function that returns a table, such as ALL () ), and myfFilter is any expression that eval-
uates to a TRUE/FALSE answer.

The FILTER () function returns a table that contains zero or more rows from the original table. Said another
way, the table returned by FILTER () can contain zero rows, one row, two rows, or any other number of rows
up to and including the total number of rows in the original table. The purpose of FILTER (), therefore, is to
determine which rows will be returned to the final table result after you use the myFilter test.

FILTER () is an iterator, and it can therefore complete granular analysis to determine which rows will be
included in the final table. Generally, it is fine to use FILTER () over lookup tables, but it is somewhat more
risky to use it over data tables, particularly if they are very large (millions of rows). Whether you should use
FILTER () depends on your data, on the quality of your DAX formulas inside FILTER (), and on what you
need to achieve.

Let’s work through an example. Set up a new pivot table with Customers [Occupation] on Rows and the
measure [Total Number of Customers] on Values. The pivot table, as shown below, indicates how many
customers there are in the entire Customers database for each occupation type.

Row Labels |~ Total Number of Customers

Clerical 2,928
Management 3,075
Manual 2,334
Professional 5,520
Skilled Manual 4,577
Grand Total 18,484

But what if you want to know how many customers in the database have an income of more than $80,000
per year? Consider the following formula:
=FILTER (Customers, Customers[YearlyIncome] >= 80000)

The result of this formula is a table of customers, and this new virtual table of customers includes all the
customers that have an income greater than or equal to $80,000 per year. But note that it is a table, and you
can’t put a table of values into a pivot table. So if you want to “see” the result (in this case, the total count
of rows) inside a pivot table, you have to wrap this table that was returned by FILTER () inside a function
that returns a value instead of a table of values (such as an aggregator).

Itis possible to count the number of rows in this table by wrapping the formula above inside another formula,
like this:
Total Customers with Income of $80,000 or above
= COUNTROWS ( FILTER (
Customers, Customers[YearlyIncome]>=80000

)
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If you write this formula and put it in the pivot table, it looks as shown below. You should do this now for
practice.

Row Labels  ~ Total Number of Customers Total Customers with Income of $80,000 or above

Clerical 2,928
Management 3,075 1,963
Manual 2,384
Professional 5,520 1,976
Skilled Manual 4,577 443
Grand Total 18,484 4,382

You can see from the pivot table that not all occupations have customers that earn this amount of money.
These are the key points to take away from this example:

e FILTER() returns atable. It is a virtual table, and hence you can’t “see” it.

e The virtual copy of the table that is used inside the measure above retains a link to the original table
(lineage) and can have an effect on the other tables in the data model. (You'll learn more about this
later in this chapter.)

e You can’t put the table returned by Filter () into a pivot table as is because you simply can’t put a
table into a pivot table; it has too many rows and columns for a single cell in a pivot table. But you can

count how many rows there are in the table and put that answer into the pivot table. This is exactly
what happens with this measure.

So How Does FILTER() Actually Work?

It is essential that you understand how the FILTER () function works before moving on. Let’s look just at
the FILTER () portion of the formula above:

FILTER (Customers, Customers[YearlyIncome]>=80000)
FILTER () is an iterator just like SUMX (), covered in Chapter 7. As such, FILTER () first creates a row
context on the specified table (the first parameter) and then iterates through each row in the table to check
whether the row passes the test. If an individual row passes the test, it is retained in the final table result. If
an individual row fails the test, it is omitted from the final table result.

Note: As mentioned in Chapter 7 about SUMX (), it is convenient to think of iterators working
one row at atime, and indeed that is the logical execution approach. In reality, though, the Power
Pivot engine has been built and optimised to work very efficiently under the hood. You should
not assume that iterators are inherently inefficient because the Power Pivot engine can make the
physical execution very efficient indeed.

Let’s look at a simple example. Assume that the Customers table has five rows, as shown below.

Row Customerkey Yearlylncome
1 11003 S 70,000
2 11004 5 80,000
3 11005 5 70,000
4 11007 S 60,000
5 11058 S 80,000

Note: The column with the name Row has been added here to assist in the explanation of how
filter works; it does not actually exist in the Customers table. Here again is the FILTER () portion
of the formula from above:

FILTER (Customers, Customers[YearlyIncome]>=80000)

This is what the FILTER () function does (logically speaking):

e |t first creates a new row context over the Customers table. The row context allows FILTER ()
to keep track of which row it is looking at, and it also provides the capability to isolate a single row
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(one at a time) and refer to the single value that is the intersection between the single row and any
column(s) in the table.

¢ Now thatthereis arow context, FILTER () goes to row 1 and asks the question (from themyFilter
portion of the formula) “Is the value in the column Customers [YearlyIncome] for the customer
in this row greater than or equal to $80,000?” If the answer is yes, row 1 survives the filter test, and
the row is kept in the final table result. If the answer is no, row 1 is discarded from the final table
result. So in this case (row 1), the yearly income is $70,000, so it fails the test, and row 1 is discarded
from the final table result.

e FILTER() then moves to the second row (using the row context to keep track of where it is) and
asks the same question again for this new row: “Is the value in the column Customers [Yearly-
Income] for the customer in this row greater than or equal to $80,000?” If the answer is yes, the
row survives the filter test, and the row is kept in the final table result. If the answer is no, it fails the
test, and the row is discarded from the final table result. In the case of row 2, it passes the test, and
hence row 2 is retained.

e FILTER() works down the table one row at a time and tests each row against the filter test. It de-
cides which rows to keep and which rows to discard by checking each row, one at a time, against the
filter test.

e When the last row has been evaluated, FILTER () returns a table that contains just the rows that
passed the test, as shown below. All rows that failed the test are discarded.

| Rows that pass the test Rows that fail the test

[Row CustomerKey Yearlylncome Final Row Customerkey Yearlylncome
2 11004 $ 80,000 result 1 11003 $ 70,000
| 5 11058 S 80,000 3 11005 S 70,000
| 4 11007 S 50,000

Remember that, in reality, under the hood, FILTER () may use a more efficient process than checking the
rows one at a time. It may seem that FILTER () completes its task row by row, but in reality, it may use an
optimised algorithm to perform the task. The most important thing to know is that you shouldn’t use com-
plex, multicolumn comparison tests inside a filter with functions like IF (). Here is a good “bad” example:

Count of Customers Earning > 80,000 and Own a House =

COUNTROWS  (
FILTER (
Customers,
IF ( Customers|[YearlyIncome] > 80000 &&

Customers[HouseOwnerFlag] = 1, TRUE )

)
If you avoid such IF () tests inside FILTER (), you should be fine.

So, it is clear from the image above that if you now count the rows of the table on the left (which is the result
of FILTER () ), you get the answer 2 (i.e., there are two rows in this filtered table).

If you now refer back to the earlier example, it is clear how the formula gave you the results. Here is the
formula, shown again for convenience:
Total Customers with Income of $80,000 or above
= COUNTROWS (
FILTER (
Customers, Customers[YearlyIncome]>=80000

)
The measure [Total Customers with Income of $80, 000 or Above] iterates through the Customers
table using the FILTER () function, checking the value in the Customers [YearlyIncome] column of each
individual customer to see if the value is greater than or equal to $80,000. FILTER () returns a table of all
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customers that passed this test, and then COUNTROWS () counts them. As shown below, the formula finds that
1,963 customers with the occupation Management pass this test, and 4,382 customers in total pass the test.

Row Labels ~ Total Number of Customers Total Customers with Income of $80,000 or above
Clerical 2,928

Management 3,075 1,963
Manual 2,384

Professional 5,520 1,976
Skilled Manual 4,577 443
Grand Total 18,484 4,382

Using FILTER() Inside CALCULATE()

As mentioned earlier, FILTER () is most commonly used as an advanced filter inside CALCULATE (). FIL-
TER () is an iterator, and it therefore allows a very granular level of evaluation of a table and is a very powerful
tool for altering the filter context of a pivot table any way you want and at a level of detail that is not possible
by using a simple filter inside CALCULATE () .

Consider the following formula:

Total Customers with Income of $80,000 or above 2

= CALCULATE (COUNTROWS (Customers) ,

Customers|[YearlyIncome]>=80000)
This formula returns exactly the same result as the FILTER () version above. In this version, the filter portion
of the formula uses a simple filter. A simple filter has a column name on one side of the formula (in this case,
Customers[YearlyIncome]) and a value on the right side (in this case, 80000).

CALCULATE () is designed to accept this type of calculation on its own, without the use of the FILTER ()
function. But in reality, as mentioned earlier, this is just “syntax sugar” created by the developers to make it
easier for you to write measures. Under the hood, the formula above is converted to the following formula:
Total Customers with Income of $80,000 Under the Hood
= CALCULATE (COUNTROWS (Customers) ,
FILTER (
ALL (Customers|[YearlyIncome]),
Customers|[YearlyIncome]>=80000

)
There is a limit to what CALCULATE () can do with one of these simple filters. It works only if you have a
column name compared to a value. But what if you want to do something more complex, like check whether
a measure is greater than a value? Let’s look at another example.

Example: Calculating Lifetime Customer Purchases

Say that you want to know how many customers have purchased more than $5,000 of goods from you over
the course of all time. You can’t use a simple CALCULATE () filter in this case because customers may have
purchased from you on many occasions, and you don’t have a column that contains a single value that tells
the total sales for each customer. If you tried to write this formula using a simple filter, it would look like this:

Customers with Sales Greater Than $5,000 Doesn't Work

= CALCULATE (COUNTROWS (Customers), [Total Sales] > 5000)
This formula includes a measure (in bold)—and that is not allowed with a simple filter! A simple filter must
have a column compared to a value, so a simple filter doesn’t work in this scenario.

This is where you have to write your own FILTER () functions. Now take a look at the following formula:

Customers with Sales Greater Than $5,000
= CALCULATE (
COUNTROWS (Customers),
FILTER (Customers,
[Total Sales] >= 5000
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)

)
It is worth stepping through how FILTER () works in this example because there is a significant difference
from the earlier example.

Note: The FILTER () portion of the formula is evaluated first. This is always the case with CAL-
CULATE (). The filter portion is always evaluated first (for both simple filters and advanced filters).

Let’s start by looking at just the FILTER () portion of this formula:
FILTER (Customers, [Total Sales] >= 5000)
Here’s what’s happening in this portion of the formula:

e FILTER() creates a row context for the Customers table. FILTER () then goes to row 1 in the
Customers table and applies a filter to that single customer.

¢ Thisis very important: Because of the implicit CALCULATE () inside the measure [Total Sales],
context transition occurs, and the row context is converted to an equivalent filter context. Because of
the context transition, the filter then propagates down through the relationship from the Customers
table to the Sales table and, hence, filters the Sales table so that only sales for this one customer
are unfiltered. Do you remember this from the end of Chapter 10, on context transition?

e The measure [Total Sales] is evaluated after the Sales table is filtered for this one single cus-
tomer.

e FILTER() then asks the question “Is the value of [Total Sales] for this one customer in this
first row of the Customers table greater than or equal to $5,000?” If the answer is yes, then this
customer survives the filter test, and the row is kept in the final table result. If the answer is no, the
customer is discarded from the final table result.

e FILTER () then moves to the second row in the row context of the Customers table. Because of
the implicit CALCULATE () inside the measure [Total Sales], the row context is converted to a
filter context (context transition), and the filter propagates the filter for the second customer from
the Customers table through to the Sales table, evaluates the measure [Total Sales] against
the rows in the Sales table that remain, and then checks whether [Total Sales] for this second
customer is greater than $5,000. Once again, if the answer is yes, the customer survives the filter and
remains in the final table results. Any customer that fails the testis discarded.

e FILTER() proceedsthrough every customerin the Customers table, testing each one to see if the
total sales of all the records for that specific customer in the Sales table is greater than $5,000. All
customers that pass the test are retained in the final table, and the ones that fail the test are discarded
from the final table.

When the FILTER () portion finishes its work, FILTER () returns a table of customers that passed the test.
You can imagine the myFilter portion of the original formula looking like this:

Customers with Sales Greater Than $5,000
= CALCULATE (
COUNTROWS (Customers) ,
Only Use The Table of Customers Provided By FILTER
)
The FILTER () formula above determines which customers passed the test and returns this filtered table of
customers to CALCULATE () . The resulting filtered table of customers is then accepted and applied as a filter
by CALCULATE (). Finally, CALCULATE () evaluates the COUNTROWS (Customers) portion of the formula.
There are actually 1,732 customers out of a total of 18,484 customers that passed the FILTER () test. By
the time COUNTROWS () is executed, just the 1,732 customers that passed the FILTER () test remain, so
COUNTROWS () returns 1,732.

Practice Exercises: FILTER()

Set up a new pivot table with Products [Category] on Rows and [Total Sales] on Values and then
write the following two formulas. Find the solutions to these practice exercises in Appendix A.
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59. [Total Sales of Products That Have Some Sales but Less
Than $10,000]

What you need to do here is get FILTER () to iterate over the Products table to determine whether each
product has some sales and also whether the total of those sales is less than $10,000.

Note that you can use the double ampersand operator (&&) if you need more than one condition in your
filter expression:

Conditionl && Condition2
Alternatively, you can use two separate FILTER () functions.

60. [Count of Products That Have Some Sales but Less Than
$10,000]
You should end up with a pivot table like the one below.

Total Sales of Products  Count of Products That
Total Sales That Have Some Sales but  Have Some Sales but

Row Labels ~ Less Than $10,000 Less Than $10,000
Accessories 5700,750 531,431 4
Bikes 528,318,145

Clothing 5339,773 55,106 2
Grand Total 420,358,677 436,538 [i]

A good exercise now is to remove [Total Sales] from the pivot table and add ProductName on Rows,
keeping Category, too. If you don’t remove [Total Sales] first, you will get every single product that
has sold at least once in your pivot table.

You should end up with a pivot table like the one below.

Total sales of Products  Count of Products
That Have Some Sales That Have Some Sales

Row Labels - | but Less Than $10,000 but Less Than $10,000
= Accessories
Bike Wash - Dissolver 57,219 1
Patch Kit/8 Patches 57,307 1
Road Tire Tube 59,480 1
Touring Tire Tube 57,425 1
=IClothing
Racing Socks, L 52,427 1
Racing Socks, M 52,679 1
Grand Total 536,538 (]

Revisiting Filter Propagation

Earlier in this chapter, we looked at a FILTER () example with a measure on the left side of the filter test
and a value on the right side:

Customers with Sales Greater Than $5,000
= CALCULATE (COUNTROWS (Customers) ,
FILTER (Customers,
[Total Sales] >= 5000
)
)
Let’s revisit how FILTER () operates in the formula above. (You can’t hear this too many times.) The FIL-
TER () portion is evaluated first:
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e FILTER() creates a row context for the Customers table. FILTER () then goes to row 1 in the
Customers table, and because of the implicit CALCULATE () inside the measure [Total Sales],
context transition occurs, converting the row context from FILTER () into an equivalent filter context.

e Because of the context transition, the filter on the first row of the Customers table propagates down
through the relationship with the Customers table and filters the Sales table so that only sales for
this customer are unfiltered.

e The measure [Total Sales] is evaluated after the Sales table is first filtered for this one single
customer (returning the value $8,249 in this case).

Context Transition Revisited
Let me go over context transition again as it is very important.

Do you remember what the formula for [Total Sales] is? The formula is as follows:

[Total Sales] = SUM(Sales[ExtendedAmount])
Given that [Total Sales] evaluates to exactly the same result as SUM (Sales [ExtendedAmount]),
what do you expect will happen if you substitute SUM (Sales [ExtendedAmount]) into the formula above,
like this:

Customers with Sales Greater Than $5,000 Version2

= CALCULATE (COUNTROWS (Customers) ,

FILTER (Customers,
SUM (Sales [ExtendedAmount]) >= 5000

)

You should go ahead and create this formula and see what happens. When you do this, you create a pivot
table like the one below.

Customers Customers with Customers with
Total Sales ThatHave Sales Greater Than Sales Greater Than

Row Labels |~ Purchased 55,000 45,000 Version2
Australia 49,061,001 3,591 719 18,484
Canada 51,977,845 1,571 42 18,484
France 52,644,018 1,810 163 18,484
Germany 42 894,312 1,780 158 18,484
United Kingdom 53,391,712 1,913 280 18,484
United States 59,389,790 7,819 370 18,484
Grand Total 20,358,677 18,484 1,732 18,484

The new formula returns the entire table of customers instead of the value you are looking for. Why is this?
There is a very important difference between a measure and the formula inside a measure. Technically speak-
ing, when you write the following measure:

Total Sales = SUM(Sales[ExtendedAmount])
what is actually happening under the hood is the following:

Total Sales = CALCULATE (SUM (Sales [ExtendedAmount]))
Power Pivot adds a CALCULATE () function (shown in bold above) and wraps it around your formula for

you. You can’t see this CALCULATE (), but it is there. We call this “invisible” CALCULATE () an “implicit
CALCULATE ().

Okay, let’s get back to the problem at hand. Go back into the new measure you just created and wrap the
SUM () function in CALCULATE () as follows:
Customers with Sales Greater Than $5,000 Version2
= CALCULATE (COUNTROWS (Customers) ,
FILTER (Customers,
CALCULATE (SUM (Sales [ExtendedAmount])) >= 5000
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When you manually place CALCULATE () like this, it is called an “explicit CALCULATE () .” Once you make
this change, you get the expected result, as shown below.

Customers Customers with  Customers with
Total Sales ThatHave Sales Greater Sales Greater Than

Row Labels |~ Purchased Than $5,000 55,000 Version2

Australia 59,061,001 3,591 719 719
Canada 51,977,845 1,571 42 42
France 52,644,018 1,810 163 163
Germany 52,894,312 1,780 158 158
United Kingdom 53,391,712 1,913 280 280
United States $9,389,790 7,819 370 370
Grand Total %20,358,677 13,484 1,732 1,732

Note: | have swapped the column Products [Category] with Territories [Country] above
to show an alternate view of the data. These measures work regardless of which column you have
on Rows on the pivot table.

The point is that without the CALCULATE () function wrapped around SUM (Sales [ExtendedAmount]),
something stops working. It doesn’t matter if there is an implicit CALCULATE () that you can’t see (inside
another measure) or if there’s an explicit CALCULATE () that you add yourself. You simply must have a CAL-
CULATE () if you want this formula to work. Why is this?

Remember that Chapter 10 said that a row context does not automatically create a filter context. Chapter 10
was talking about the row context in a calculated column, but it is exactly the same in a function that has a
row context—in this case, the FILTER () function. The CALCULATE () function tells Power Pivot to run the
filter engine again. If you don’t have this extra CALCULATE (), the filter that is first applied to the Custom-
ers table will not propagate to the Sales table as described above. It is the second CALCULATE () (either
implicit or explicit) that causes the filter on the Customers table to propagate through the relationship to
the Sales table before the rest of the FILTER () expression is evaluated for each row in the table.

So let’s step through what happens without the extra CALCULATE () by going back to this version, which
didn’t work:
Customers with Sales Greater Than $5,000 Version2
= CALCULATE (COUNTROWS (Customers) ,
FILTER (Customers,
SUM (Sales [ExtendedAmount]) >= 5000

)
Of course, the FILTER () portion is evaluated first, just as before. And then the following happens:

e TFILTER() creates a row context on the Customers table. FILTER () then goes to the first row
in the table. No filter context currently exists because a row context doesn’t automatically create a
filter context.

e SUM(Sales[ExtendedAmount]) is then evaluated over the entire Sales table for all customers
and returns the value $29,358,677. There is no filter context, and hence the Sales table is completely
unfiltered. Since $29 million is greater than $5,000, this customer survives the filter test.

e FILTER() then goes to the next customer, and exactly the same thing happens again. It doesn’t
matter what customer is selected in the row context in the Customers table; there is no filtering
through to the Sales table, and therefore the result of every iteration step is that every customer
passes the test. Because they all pass the test, all customers are returned in the answer.

Note: The only way to create a filter context in this example is if you use a second CALCULATE ()
function (implicit or explicit) wrapped around SUM (Sales [ExtendedAmount]) to tell Power
Pivot to convert the row context into a filter context; then you need to propagate the filter down
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through the existing relationships before completing the evaluation. If this CALCULATE () (implicit
or explicit) is omitted, then no filtering happens, and, as a result, the Sales table is completely
unfiltered.

This topic can take some time to get your head around. If it is not crystal clear, | recommend that you go back
through this chapter (and also Chapter 10) and work through the examples again until it is clear in your mind.
If you can’t get it now, leave it for a few weeks (or even months) and come back again when you have more
real-life experience under your belt.

Virtual Table Lineage

Let’s jump back to the version of the measure we’ve been working on that works:

Customers with Sales Greater Than $5,000
= CALCULATE (COUNTROWS (Customers) ,
FILTER (Customers,
[Total Sales] >= 5000

)
When you think about the new table returned by FILTER () in the above formula, your first inclination
may be to think about it as a standalone table, but that’s not the case. Any virtual table object returned by
a table function in DAX always retains a link to the data model for the life of the evaluation of the measure
or calculated column; this is called lineage. | find it useful to visualise an imaginary temporary table being
created above the real table in the data model, as shown below.

[ ImaginaryTempTableFromFilter

Imaginary table [ CustomerKey
returned by filter 7 GeographyKey = Lineage to the
[T Name original table
[ BirthDate
& Products [7 Territories
EH calendar T Customers
T ProductKey [ Territory Key
£ Date £ customerkey 1 ] ProductName 1| [ Region
] DayNumberOfweek 11— ] GeographyKey 1 I standardCost [T Country
[ DayName ] Name ™ color T Group
[ DayNumberOfMo... 1 BirthDate
— ; - .
]
] 7]
[T sales
[T SalesOrderlineNu...
[T OrderQuantity *
FT UnitPrice

[ ExtendedAmount
[ UnitPriceDiscount...

This new temporary table contains a subset of rows as determined by FILTER (), but, importantly, it has
the link back to the original table. Therefore, when this new temporary table is used inside CALCULATE ()
(asis the case here), CALCULATE () tells Power Pivot to run the filter propagation again, and this new table
therefore filters the original table and any other tables that are connected downstream to the original table.

Note: The preceding is just an illustration and a useful way for you to think about what is hap-
pening under the hood.
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15: DAX Topic: Time Intelligence

Time intelligence is a very important and powerful feature in DAX. Time intelligence refers to the ability to
write formulas that refer to other time periods within a pivot table without needing to change the time filters.

Consider the following pivot table, which shows sales for the year 2003.

CalendarYear 2003 -1

Row Labels | * Total Sales

Accessories 5293,710
Bikes $9,359,103
Clothing 5138,248
Grand Total 50,701,060

Now what if you wanted to see the sales for the preceding year as well as the change in sales compared to
the preceding year? Well, one thing you could do is to toggle the filter between the calendar years 2003 and
2002 to see the results for the preceding year, or you could bring CalendarYear and place it on Columns
and then filter out the years that you are not interested in, as shown below.

. Bring CalendarYear into columns and
then hide the years you don't need

Total Sales  Column Labels y “

Row Labels ~ 2001 2002 2003 2004 Grand Total
Accessories 5293,710 5407050 5700,760
Bikes 53,266,374 56,530,344 %9,359,103 59,162,325 528,318,145
Clothing 5138,248 5201,525 5339,773
Grand Total $3,266,374 56,530,344 %0,701,060 59,770,900 %29,358,677

But doing it this way is a bit of a hack, and it isn’t reusable in other pivot tables without doing further hacks.
And besides, you can’t calculate the change compared to the preceding year.

Using Time Intelligence Functions

You can use time intelligence functions to create new relative measures, such as [Total Sales LY] (total
sales last year), as discussed above, without having to change the date selections in the pivot table to see
the prior year. This makes everything easier to do, and it also means you can build pivot tables, like the one

shown below, that would not be possible any other way.

Row Labels - Total Sales Change in Sales vs LY

2001 $3,266,374 $3,266,374
2002 46,530,344 $3,263,970
2003 $9,791,060 $3,260,717
2004 49,770,900 -820,161
Grand Total ~ $29,358,677 $9,770,900

DAX comes bundled with a number of inbuilt time intelligence functions, and you can also write custom
time intelligence functions yourself when needed. There are some limitations to the inbuilt time intelligence
functions, and they work only under certain circumstances. These are a couple of the rules for using inbuilt

time intelligence functions:

e You must have a Calendar table that contains a contiguous range of dates that covers every day
in the period you are analysing. Every date must exist once and only once in the Calendar table.
You can’t skip any dates (e.g., you can’t skip weekend dates just because you don’t work weekends).
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¢ Inbuilt time intelligence works only on a standard calendar—that is, a calendar like one that you might
hang on a wall, where the start of the year is January 1, the end of the year is December 31, the last
day of May is May 31, etc. A standard calendar can also be customised for different financial years
(e.g., you can set the end date for a calendar to be June 30 instead of December 31, or any other
date for that matter).

If for some reason these rules can’t be met, then you can’t use the inbuilt time intelligence functions. In
such a case, you can write your own custom time intelligence functions from scratch, using FILTER () . The
DAX for this tends to be a bit complex, but don’t worry, you can learn it, and | explain it later in this chapter.

Nonstandard Calendars

In some cases, you may need to use a nonstandard calendar for reports. These are some examples of when
you could not use a standard calendar:

e When you are building a data model using weekly or monthly time periods and using a weekly or
monthly calendar instead of a daily calendar. (Note that you could load your data weekly or monthly
and still use a daily calendar—and this would still work with inbuilt time intelligence, as long as all
the other criteria were still met. | would consider this a hack as well, though.)

e |f you use an ISO or 445 calendar for your accounting periods. This is very common in the retail in-
dustry, where businesses want to have regular trading periods. In the case of a 445 calendar, there
are 2 months that consist of 4 calendar weeks followed by 1 month with 5 calendar weeks. This helps
smooth the months so they all start on a Monday and finish on a Sunday (for example) while also
having 91 days in the quarter (91 x 4 quarters = 364 days).

e With 13 4-week periods instead of calendar months.
e |f you had a calendar that uses time as well as date (e.g., an hourly calendar).

There are so many variations that it is impossible to mention them all here, and it is also impossible for Power
Pivot to cater for them all with inbuilt functions. So the rule is, if you have a standard day calendar, you can
use the inbuilt functions. If you don’t have a standard day calendar, then you need to write your own custom
time intelligence using FILTER ().

Inbuilt Time Intelligence

Before using the inbuilt time intelligence functions, you need to validate that certain requirements, described
next, are covered.

Using a Contiguous Date Range

In the sample data that you have been working with, the Calendar table already contains all the days of
the year for the period that covers the Sales table. It is easy to check this. Just create a new pivot table, put
'"Calendar' [CalendarYear] on Rows, and drop any string-based column (such as MonthName) into
the Values area.

Row Labels = Count of MonthName

2001 184
2002 365
2003 363
2004 366
Grand Total 1280

| did tell you never to create implicit measures unless you are just doing a quick test. This is one of those cases
where it is fine to use them, though. These are not wrong; it is just that you can’t reuse implicit measures
inside other formulas. In this case, we don’t need to reuse this measure, so it is fine. As you can see above,
the Calendar table has half a year for 2001 plus a full year for each of the following three years (including
a leap year for 2004). Now that we have confirmed the data in the Calendar table, we can just remove this
implicit measure from the visual as we don’t need it anymore.
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Here's How: Marking a Table as a Date Table

Technically, you need to mark a table as a date table only if you are joining your data table (Sales in this ex-
ample) to your Calendar table by using a surrogate key. A surrogate key is a column of data that looks like a
date but is not really a date at all. An example is a column of data in the format YYYYMMDD (e.g., 20180317).
This is not really the date 17 March 2018 but a surrogate for that date. If you use surrogate keys in your data
model, you must mark your date tables as such by using the approach described below. If you are using real
dates formatted as dates, then strictly speaking you don’t need to do this; even so, it won’t hurt.

To mark a table as a data table, do the following:

1. Go to the Power Pivot window, navigate to the Calendar table (see #1 below), and go to the Data

view.

2. Inthe Design tab (#2), click on Mark as Date Table (#3).

Home Dﬂign@hd\'anu&

":'_ _ Delete j."_
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Add Imsart Caleuslation Create Manage Table
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2003
2003

2003

2003
2003
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2003
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2003
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2003
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Now you’ll write some measures using some inbuilt time intelligence functions.

The SAMEPERIODLASTYEAR() Function

Let’s look at an inbuilt time intelligence function you can use to easily write the [Total Sales LY] measure
discussed earlier.

First, set up your pivot table like the one below, with 'Calendar' [CalendarYear] on Rowsand [Total
Sales] on Values.

Row Labels ~ Total Sales

2001 43,266,374
2002 $6,530,344
2003 $9,791,060
2004 $9,770,900

Grand Total 529,358,677

Click in the pivot table and write the following new measure:

Total Sales LY

= CALCULATE ([Total Sales], SAMEPERIODLASTYEAR('Calendar' [Date]))
As shown below, if you pause after typing SAMEPERIODLASTYEAR and before you type (, IntelliSense says
that this function will return a list of dates from the initial filter context but time shifted back by a year.

You should recognise that SAMEPERIODLASTYEAR () returns a table of values and that the table is being
used inside CALCULATE () as an advanced filter.

Note: The word Calendar is a reserved word in Power Pivot. Calendar is actually a function that
will return a calendar table. Personally, | never use this function as | think there are better ways to
create calendar tables. It is still okay to call a calendar table Calendar, but you must always add
single quotes when referencing the table inside your formulas, as shown in the formula above.

Measure ? *
Table Name: Sales e
Measure Name: Total Sales LY

Value Description:
Formula: _fr Check DAX Formula

=CALCULATE([Total Sales], SAMEPERIODLASTYEAR|
CALCULATE(Expression, [Filter1]. ...)

TN (=2 e Nt (O | Returns a set of dates in the current selection from the previous year. 1
i " T

LCategory:

General Symbal: < >
Date =

Mumber Decimal Places: 0 =

Currency

TRUE'WFALSE

Cancel

Also notice in the IntelliSense below that SAMEPERIODLASTYEAR () takes a single Dates parameter as its
only input.
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Measure ? >
Table Mame: Sales e
Measure Mame: Total Sales LY

Value Description:
Formula: _fr Check DAY Formula

=CALCULATE([Total 5ales], SAMEPERIODLASTYEAR( Calendar' [Date

SAMEPERIODLASTYEAR(Dates)

Categony:

General symbol: c o
Date
Number Decimal Places: 0 =
Currency

TRUE\FALSE

Cancel

All inbuilt time intelligence functions ask for this Dates parameter, and it always refers to the date column
in the Calendar table. This is the same column you indicated in the Power Pivot Mark as Date Table dialog
box. Frankly, | think this is a duplication of effort, given that you have already told Power Pivot where the
date column is, but this is just the way it works. You have to tell Power Pivot twice where your date column
is—once inside the Power Pivot window in the Mark as Date Table dialog box and again inside every inbuilt
time intelligence formula you write.

How Does SAMEPERIODLASTYEAR() Work?

In Chapter 14 | explained that CALCULATE () can take a table as an advanced filter input, and you can imag-
ine the new table being connected to the data model. The table inside CALCULATE then filters the rest of
the tables in the data model (in this case, the Calendar table and the Sales table) before CALCULATE ()
completes the calculation. It is exactly the same with SAMEPERIODLASTYEAR (), as shown here:

Total Sales LY =
CALCULATE ([Total Sales], SAMEPERIODLASTYEAR ('Calendar' [Datel]))

In this instance, SAMEPERIODLASTYEAR () returns a table of dates that are the same dates coming from
the pivot table for the selected year but shifted back by one year.

Consider the cell highlighted in the pivot table below. The function SAMEPERIODLASTYEAR () first reads the
filter context from the current pivot table to see which dates apply for “this year.” In this case, the filter is on
CalendarYear, and the filter for this cell is 2003 (see #1 below). So the dates for “this year” are all dates
from January 1, 2003, through to December 31, 2003. The SAMEPERIODLASTYEAR () function then takes
the dates from the initial filter context in the pivot table, removes the current filters, and then time shifts
them back one year before returning a table of dates from January 1, 2002, through to December 31, 2002.

Row Labels ~ Total Sales Total Sales LY

2001 3,266,374

2002 86,530,344  $3,266,374
2003 @ 59,791,060 | 55,530,34{
2004 $9,770,900 59,791,060

Grand Total  $29,358,677 $19,587,777
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You can imagine the new table created by SAMEPERIODLASTYEAR () as a temporary table sitting above the
Calendar table and retaining a relationship to the original Calendar table, as shown below.

[ DatesSamePeriodlY

T Date

£ DayNumberOfWeek

Z Imagine a temporary table
joined to the original table

T DayMame

@ DayNumberOfMo...
1 DayNumberOfYear

T Calendar E Customers T Products
T Date CustomerKey [ status
[ DayNumberOfwe... Geographykey O categary
[ DayMame =] Name M@ ProductSube
[ DayNumberOfMo... BirthDate B SubCategory

[ B T T TR T ™ MaritalStatus

1 1 -
il T 1

M gafabwtiaell

a E sales
@ Productkey

T OrderDate bl < o

I OrderDateKey
M CustomerKey

T SalesTerritoryKey

Remember that this is logically how it works; you can’t actually see this table, and it doesn’t actually exist.

This table is then passed to CALCULATE (), and CALCULATE () uses this temporary table to rerun the filter
propagation. The temporary table (the table of dates from SAMEPERIODLASTYEAR () ) filters the Calendar
table, which then filters the Sales table before the calculation for [Total Sales LY] is evaluated.

Tip: Read the paragraph above a couple of times if you need to until you have it clearly in your head.

Calculating Sales Year to Date

A very common business need is to calculate figures on a year-to-date (YTD) calendar¥ear 2003 T
basis. Fortunately, there is an inbuilt function for this.

Before you write any YTD formula, it is a good idea to set up a pivot table that Row Labels - Total Sales

will give you immediate feedback if your formula is performing as expected. Itis January $438,865
also important to set up your pivot table so that you only have a continuous date  February 5489,090
range. Set up a new pivot table like the one shown below before proceeding. March 5485,575
Note the filter on CalendarYear = 2003. April $506,399
Note how the periods in the pivot are contiguous (i.e., the months of the year May $562,773
2003). If you didn’t have a filter on CalendarYear = 2003 but instead had Calen- June $554,799
darYear = ALL, the pivot table would show the total sales for January across all  July $886,669
years, for February across all years, etc. This would not be a contiguous range, August 547,414
and hence the formula would not work. September  $1,010,258

COctober 51,080,450

Now click in the pivot table and write the following measure:

Total Sales YTD =
TOTALYTD ([Total Sales], 'Calendar' [Date])

Movember 51,196,981
December 51,731,788
Grand Total 40,791,060

Apply appropriate formatting to the measure. When you are done, it is very easy to check whether the formula
is working correctly. You can select a contiguous range of cells starting from January in the Total Sales
column and then check the running total against the result in the Total Sales YTD column.
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CalendarYear 2003 T

Row Labels ~ Total Sales Total Sales YTD

January 438,865 4 1. Select a
February $489,090 range of cells
March $485,575

April $506,399 $1,919,930

May $562,773] | $2,482,702

June 4554,799°4 53,037,501

$3,924,170
$4,771,584
55,781,842
56,862,291
58,059,273
59,791,060

J
A 2. And then compare
the sum with the
value in YTD column

November 51,196,%
December 51,731,788
Grand Total  %9,791,060

iYTD ¥TDManual Sales LY

Total Sales MAT

Average: 496,540

Count 5  Sum: 52,482,702
Note: It is very important that you test your measures after you write them. You are a data mod-
eller now! Along with this title comes the responsibility to check that the measures you write are
returning the expected results.

This is a really good example of the benefit of writing measures in the context of a pivot table. The immediate
feedback you get allows you to check whether your formula is correct and is well worth the effort. As men-
tioned before, this is not the only way to do it, but it is the best way for Excel users to learn how to write DAX.
At some time in the future, when you are a DAX superhero, you may choose to write some of your formulas in
the Power Pivot window. Until then, stick with writing them in the context of a suitably configured pivot table.

Once you have written a formula, you can apply some conditional formatting to your pivot table, as shown
below, to get another visual clue about whether all is working well.

CalendarYear 2003 .

Row Labels | = | Total Sales Total Sales YTD

January 438,865 | $4383,865
February 439,090 || $927,956
March $485,575 L]  $1,413,530
April 506,399 | $1,919,930

May 562,773 | $2,482,702
June $554,799 [ |$3,037,501
July 886,669 [ 93,924,170
August $347,414 [ 84,771,584
September  $1,010,258 [ 85,781,842
October $1,080,450 [ 86,862,291
November  $1,196,981 [ 88,059,273
December ¢1,731,783 88,791,060
Grand Total  $9,791,060 $9,791,060
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Practice Exercises: Time Intelligence

When writing the previous formula, you may have noticed from the IntelliSense tooltip that there are two
other functions that are very similar: TOTALMTD () and TOTALQTD () . In this section you’ll get some practice
using these two functions. Before you do these two exercises, make sure you set up a pivot table like the one
below that will give you feedback if your formula is correct. Set up the pivot table like this:

1. Place 'Calendar' [CalendarYear] and 'Calendar' [MonthName] on Filters.
2. Filter for Calendar Year = 2003 and Month Name = January.

3. Put 'Calendar' [DayNumberOfMonth] on Rows.

4. Placethe [Total Sales] measure on Values.

CalendarYear 2003 -7
MonthName January |-T

Row Labels ~ Total Sales

512,445
19,703
513,520
418,629
513,497
44,363
514,623

= @ L o ow R

Write formulas for the following measures. Find the solutions to these practice exercises in Appendix A.

61. [Total Sales Month to Date]

Tip: Do you remember the pivot table | showed with [Total Sales YTD] earlier in this chapter?
Placing MonthName on rows will not work for Practice Exercise 61. Instead, you need to put a
column such as DayNumberOfMonth in the pivot table if you want to be able to “see” that the
formula is working correctly.

62. [Total Sales Quarter to Date]
Changing Financial Year-Ending Dates

Many of the inbuilt time intelligence functions allow you to specify a different end-of-year date. In such a
case, there will be an optional parameter where you specify the year-end date:
Total Sales FYTD
= TOTALYTD ([Total Sales], 'Calendar' [Date],"YearEndDateHere")
Here’s an example for a financial year ending April 30:

Total Sales FYTD
= TOTALYTD([Total Sales], 'Calendar' [Date],"30/4")

Note that this example uses a non-U.S. date format. If you are using the U.S. date format, then it would be
as follows:

Total Sales FYTD USA
= TOTALYTD([Total Sales], 'Calendar' [Date],"4/30")
Notice that there is no need to specify a year when referring to the year-end date. It is simply day and month.
Practice Exercises: Time Intelligence, Cont.

Write formulas for the following measures. Find the solutions to these practice exercises in Appendix A.
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63. [Total Sales FYTD 30 June]
64. [Total Sales FYTD 31 March]

Format your pivot table by selecting Conditional Formatting, Data Bars to make it easier to spot the pattern.

Practicing with Other Time Intelligence Functions

There are a lot of inbuilt time intelligence functions, and it’s easy to tell what most of them do. PREVI-
OUSMONTH (), PREVIOUSQUARTER (), and PREVIOUSDAY (), for example, all return tables of dates referring
to the previous period and probably don’t need further explanation. To see how they work, set up a pivot
table with contiguous months, as shown below.

CalendarYear 2003 -

Row Labels| = | Total 5ales

January 5438, 865
February 5489,090
March 5485,575
April 506,399
May $562,773
June 5554,799
July S886,669
August 5847,414
September 51,010,258
October 51,080,450

Movember 51,196,981
December 51,731,788
Grand Total $0,701,060

Practice Exercises: Time Intelligence, Cont.
Write the following formulas. Find the solutions to these practice exercises in Appendix A.
Tip: As always, | suggest that you set up a suitable pivot table with a suitable column on Rows and
[Total Sales] on Values before writing these measures. Doing this will help you check whether
the measures are working and also should help you comprehend how the measures work. If you

don’t understand, go back and reread the section about SAMEPERIODLASTYEAR (). The functions
in these practice exercises work in exactly the same way.

65. [Total Sales Previous Month]

Given that the PREVIOUSMONTH () function returns a table of dates, you need to embed the time intelligence
formula inside a CALCULATE () function.

66. [Total Sales Previous Day]

You need to set up a suitable pivot table that gives you immediate feedback about whether your formula is
working. Put 'Calendar' [DayNumberOfMonth] on Rows and make sure you filter for a single month.

67. [Total Sales Previous Quarter]

As with Practice Exercise 66, you need to set up a suitable pivot table for context. You can work out how to
do this one yourself.
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Writing Your Own Time Intelligence Functions

As mentioned earlier in this chapter, writing your own time intelligence functions is a bit harder than using
the inbuilt time intelligence functions, particularly when you are learning. However, once you get the hang
of it, you will find it quite easy, and this will also be a good sign of how much progress you are making in your
understanding of DAX.

There are a couple strange things in the syntax that you need to get your head around before you can fully
understand what you’re doing. The good news is that | explain these things in this section. You will be writing
your own custom time intelligence functions in no time at all. These are the two concepts you need to get
your head around:

e Concept 1: Thinking “whole of table” when thinking about filter context
e Concept 2: Knowing how to use MIN () and MAX ()

Let me cover these concepts before we get into any examples. That way, by the time you reach the examples,
you will be primed and ready to go.

Concept 1: Thinking "Whole of Table” When Thinking About Filter Con-
text

Consider the single row highlighted in the pivot table below. (This is the same pivot table you were just
looking at above.)

CalendarYear 2003 .

Row Labels ~ Total Sales

ﬁanuaw $138,865 |
'February $489,090
March 5485,575
April $506,399
May 562,773
June 5554,799
July $886,669
August 5847,414
september 51,010,258
October $1,080,450
Movember 51,196,981
December 51,731,788
Grand Total  %9,791,060

This pivot table is filtered for 'Calendar' [CalendarYear]= 2003 in the filter. Also, the highlighted row
(January) is also filtered—by 'Calendar' [MonthName]="January", which appears in the Rows area of
the pivot table. When these two filters are combined, the single cell/value for [Total Sales] is filtered
for the period January 2003. So, there are only 31 days that are used in the Calendar table in the data
model for this cell. With this in mind, it is possible to imagine this filter applied on the back end. In fact, you
can simulate what is happening by going into the Power Pivot window and manually applying these filters,
as shown below.



130 Supercharge Excel
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Applying a manual filter like this on a table in the Power Pivot window has no impact on any formula, but it
does allow you to “see” what is happening behind the scenes (albeit in a simulation). Once you have done
this a few times, you will begin to mentally visualise what is happening behind the scenes, which in turn will
increase your understanding of how Power Pivot works.

Tip: Always try to think about what these “filtered” tables would look like. (For example, in the
example above, the Calendar table would have only 31 days visible.) This is all happening “in
memory,” on-the-fly. You can’t open up Power Pivot and see this filtering happening (even though
you can simulate it, as described above), but it is important that you be able to imagine it hap-
pening in your mind. Thinking about what is happening behind the scenes like this will make it
easier to write custom time intelligence formulas.

When thinking about the filtering that is being applied, you should think about the whole table, not just the
two columns with filters applied. It is clear that the table has only one month visible (January) and only one
year visible (2003), but it is also true that there are 31 DayNumberOfMonth values visible (those from 1
through 31), and there are 4 different WeekNumberOfYear values (1 through 4). It is possible to reference
any and all of these other columns and values in your DAX formulas after the initial filter context is applied,
and this makes it very powerful indeed.

This is one of the main reasons you should also include an ID column in your Calendar table if you are going
to write custom time intelligence functions. As you can see in the next image, after you filter the Calendar
table based on January and 2003, there are actually 31 rows in the table, and the ID numbers of those rows
run from 550 to 580. You can reference these ID values that remain in the filtered table in your DAX formulas
to write very powerful DAX. But you need to be able to think “whole of table” to be able to understand how
to do this.
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L .' Dayhu.,.. n DayMNa... =] EEIT. u:ﬂ.‘t... u"..".k-_-u_l:.-.... u| MonthName n Calendarvear ' fboanit]

I1 4 Wednesday 1 1 1 lanuary 2003
| 5 Thursday i 2 1 January 2003
E] & Friday 3 £l 1 lanuary 2003
a 7 Saturday 4 4 1 lanuary 2003
5 1 Sunday 5 5 1 lanuary 003
& 1 Monday & & 2 January 003
7 3 Tuesday 7 7 2 january 2003
4 ‘Wednesday B 8 2 January 2003
5 Tharsday 9 9 2 lanuary 2003
6 Friday 10 10 2 January 2003
7 Saturday 11 11 2 january 2003
1 Sunday 12 12 3 january 2003
2 [endasy ] 13 13 3 lariuary 2002
3 Tuesday 14 14 3 lanuary 2003
4 Wednesday 15 15 3 January 2003
5 Thursday 16 16 3 January 2003
& Friday. a7 17 2 lanusty 002
T Saturday 15 13 3 lanuary 2003
1 Sunday 18 13 4 lanuary 2003
2 Monday 20 20 4 lanuary 003
i Tuesday n 1 4 January 2003
4 Wednesday ] 23 4 lanuary 2003
5 Thaursday 23 23 4 January 2003
& Friday 24 24 4 lanuary 2003
7 Saturday 25 5 & lanuary 001
1 Sunday 26 26 5 Januany 2003
2 Monday a7 27 5 januany 2003
3 Tuesday 28 28 3 January 2003
4 Wednesday 25 28 5 lanuary 2003
5 Thursday £ 0 5 Januany 2003
6 Friday 31 31 5 lanuary 2003

Concept 2: Knowing How to Use MIN() and MAX()

It is very common to use the MIN () and MAX () functions inside FILTER () when you write custom time
intelligence functions. (You can also use FIRSTDATE () and LASTDATE () if you prefer.) You'll learn more
detail in the examples that follow, but for now there is one key concept about MIN () and MAX () that you
should understand: Whenever you use an aggregation function around a column in a DAX formula, it always
respects the initial filter context coming from the pivot table.

So, let’s go back to the pivot table from before, shown again below for convenience.

Calendar¥ear 2003 .

Row Labels - Total Sales

lanua 438,805

February 5489,090
March 5485,575
April 5506,399
May 562,773
June 5554,799
July 5886,669
August 5847414
September 51,010,258
October 51,080,450
Movember 51,196,981
December 51,731,788
Grand Total  %9,791,060
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You know that the pivot table has filtered the Calendar table so that only 31 days remain. Given that MIN ()
and MAX () always respect the initial filter context, what would be the results of the following DAX formulas
for the highlighted row in the pivot table above?

1. =MIN('Calendar' [Date])
2. =MAX('Calendar' [Date])
3. =MIN('Calendar'[ID])
4, =MAX('Calendar'[ID])

The answer to Question 1 is, of course, January 1, 2003—the first date in the filter context. It’s not the first
date in the Calendar table but the first date in the initial filter context. And the answer to Question 2 is
January 31, 2003, the last date in the filter context. But, importantly, the answers to Questions 3 and 4 are
550 and 580, respectively, even though this ID column was not part of the filter. So you can think of MIN ()
and MAX () astools that can “harvest” the value from the initial filter context, in any available column across
the whole table, and you can use this harvested value in your DAX formulas. Remember this fact about MIN ()
and MAX () when you get into the examples below.

Note: If you want to validate the answers 550 and 580, go to the Calendar table, find the rows
January 1, 2003, and January 31, 2003, and check 'Calendar' [ID] for each row.

Writing Custom Time Intelligence Functions

Now you are going to write a custom version of [Total Sales YTD], using CALCULATE () and FILTER ().
| strongly encourage you to write this formula yourself for practice. There is a lot that can (and will) go wrong
when you type your own custom time intelligence functions, and you need /ots of practice to get it right.
There are square bracket sets, sets of parentheses, new line spacing to make it easier to read, commas to be
added in the right places, etc. So make sure you actually write the following formula on your own computer.
Go ahead and do that now before moving on to the explanation:
Total Sales YTD Manual = CALCULATE ([Total Sales],
FILTER (ALL('Calendar'),
'Calendar' [CalendarYear]=MAX ('Calendar'[CalendarYear]) &&
'Calendar' [Date] <=MAX('Calendar' [Date])

)
Also make sure you set up a pivot table so that you can get immediate feedback about whether your formula
is correct.

This formula needs a bit of explanation. | have used http://daxformatter.com in the following pages to make
it easier to refer to the lines in the formula. | mentioned DAX Formatter in Chapter 9, and you can see here
that it is a great tool for helping you read DAX formulas.

DAX

FORMATTER

[Total Sales],

‘Calendar' ),
'Calendar'[CalendarYear] 'Calendar'[CalendarYear]
&8& 'Calendar'[Date] < ‘Calendar ' [Date]

You can see that lines 4 through 8 above are all part of a FILTER () function because you can see that the
) on line 8 is left aligned with the Fin FILTER () on line 4.

This FILTER () function returns a table to the function CALCULATE (). CALCULATE () then applies a filter
for this table of dates and propagates this filter to the Sales table prior to evaluating [Total Sales]. Let’s
look more closely at lines 6 and 7 in the FILTER () function. Line 6 reads:

'Calendar' [CalendarYear] = MAX('Calendar' [CalendarYear])


http://daxformatter.com/
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Okay, | hear you saying “How can the calendar year be equal to the MAX () of the calendar year?” What is
really happening is that there is a column name on the left side of the equals sign, and there is a MAX ()
function on the right side. Remember from earlier in this chapter that whenever you see MIN () or MAX ()
in a formula like this, it always respects the initial filter context. So the way to read line 6 of this formula
is as follows: “Add a filter to the table so that the column 'Calendar' [CalendarYear] is equal to the
maximum value in my initial filter context coming from my pivot table.”

For example, in the pivot table below, the maximum of the highlighted row is March 31, 2003, and hence
MAX ('Calendar' [CalendarYear]) =2003.

Calendar¥ear 2003 -

Total Sales YTD
Total Sales

Row Labels ~ Manual

January 5438,865 5438,865
February 5489090 5927956
rMarch 485,575 41,413,530
April 506,399 51,919,930
May $562,773 $2,482,702
June 5554,799 53,037,501
July $286,669 $3,924,170
August $847,414 4,771,584
September 51,010,258 55,781,842
October 51,080,450 56,862,291
Movember 51,196,981 58,059,273
December 51,731,788 59,791,060

Grand Total  $9,791,060 $0,791,060

See how you need to think “whole of table” here? The initial filter context is applied over the month of March
2003, but the MAX () formula is working over the year column. Imagine this filter context acting on the table
in your data model by mentally applying the filters: There were 31 rows left in the Calendar table, and for
each of these rows, the value in 'Calendar' [CalendarYear] was 2003. As a result (in this case), the
MIN () of 'Calendar' [CalendarYear] would also return 2003, as would SUM () and AVERAGE (), for
that matter.

So line 6 is really saying “filter my table where 'Calendar' [CalendarYear]=the initial filter context
year,” which is 2003 in this case.

Let’s move on. Line 7 starts with the double ampersand operator (which means and [i.e., do both line 6 and
line 7]) and then says:
'Calendar' [Date] <=MAX('Calendar' [Datel])

The same applies here as with line 6. MAX ('Calendar' [Date]) reads the initial filter context from the
pivot table and hence returns the value March 31, 2003, for the highlighted row in the pivot table. Therefore,
this part of the formula adds an AND condition so that the underlying table is filtered for 'Calendar' [Cal-
endarYear] = 2003 and also for the condition 'Calendar' [Date] is on or before March 31, 2003. As
you can deduce, this is all the dates year to date.

As you go to the next row in the pivot table, the calendar year stays the same, but the month-end date moves
to the end of the next month. So the number of days that are included increases as you work down the rows
in the pivot table.

Now it is important to point out that you could not use MIN () in line 7 as you could do in line 6; this time
it has to be MAX (). If you used MIN (), you would get March 1, 2003, as the last date, and the year-to-date
result would be out by almost a full month of sales. It is important to think about what your formulas need
and make sure you provide the right formulas to achieve the desired outcome (of course).
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Now let’s go backto ALL ('Calendar"'). Line 5 of the formula refers to ALL ('Calendar"') instead of just
the Calendar table (which you have used previously). ALL (), as discussed in Chapter 13, is the “remove
filter” function. (If necessary, go back and refresh your memory about ALL () before moving on.)

It is important to use the ALL () function here because you know that the pivot table reads the initial filter
context before doing the calculation. Probably the easiest way to explain why you need the ALL () function
is to consider what would happen if you didn’t use ALL ().

Consider again the highlighted row in the pivot table below.
CalendarYear 2003 -1

Total Sales YTD

Total Sales

Row Labels ~ Manual
January 5438,865 5438,865
February 5489,090 5927,956
ﬁ.narch $485,575 $1,413,530
April 506,399 51,919,930
May $562,773 $2,482,702
June 5554,799 53,037,501
July $286,669 $3,924,170
August $847,414 4,771,584
September 51,010,258 55,781,842
October 51,080,450 56,862,291
Movember 51,196,981 58,059,273
December 51,731,788 59,791,060
Grand Total $0,701,060 $0,701,060

You know that the initial filter context for this row of the pivot table is for all 31 days in the month of March
2003. You can “imagine” that the Calendar table is filtered behind the scenes so that only these 31 days
of March 2003 are visible.

Now let’s look at why the [Total Sales YTD] formula does not work without the ALL () function. You
should write the following formula and add it to your pivot table. (Don’t miss the opportunity to practice now!)

DAX

FORMATTER

[Total Sales],

‘Calendar’,
‘Calendar’[CalendarYear]
&8& 'Calendar'[Date] <

‘Calendar’[CalendarYear]
‘Calendar ' [Date]
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CalendarYear 2003 .

Total Sales YTD

Total Sales
Row Labels ~ Does Not Work
lanuary 5438865 S438,865
February 5489,090 S489,090
March 5485,575 5485,575
April 5506,399 5506,399
May 5562,773 5562,773
June 5554,799 5554,799
July 5886,669 5886,669
August $247,414 $347,414
September 51,010,258 51,010,258
October $1,080,450 $1,080,450
Movember 51,196,981 51,196,981
December 51,731,788 51,731,788
Grand Total 59,791,060 59,791,060

You can see in the pivot table above (and in the one you have created yourself) that this formula is giving the
sales for the current month rather than YTD in each row of the pivot table. The reason it doesn’t work is related
to the initial filter context discussed earlier. For the row of March 2003, the initial filter context applied a filter
so that only the 31 days of March 2003 were “visible” in the Calendar table (behind the scenes). So how can
the formula possibly return sales for all days “year to date,” including the sales from January and February?
The dates in January and February were already filtered out by the pivot table from the initial filter context,
so you can’t get the sales for these months to somehow reappear for the new formula if you write it this way.

If you want to include sales from January and February in the row next to the actual sales for March, you must
first “remove the filter” created by the pivot table. This is what ALL () does when it is wrapped around the
Calendar table in line 5: It removes the filter context that comes from the pivot table that is automatically
applied to the Calendar table. You then reapply the filters you want to use in lines 6 and 7 so that you end
up with all the dates YTD.

Note: Custom time intelligence always uses some form of ALL ('Calendar') to remove the
initial filter context. The FILTER () function therefore iterates through an unfiltered copy of the
Calendar table. But the MIN () and MAX () functions operate in the initial filter context before
the ALL () function removes it.

Tip: Go back and read this section again if necessary until you understand it well.

Now let me come back to that ID column | talked about earlier. A good ID columnina Calendar table starts
at 1 and increments by 1 for each row in the table. So in the case of this Calendar table, each day of the
year has an ID value that increments by 1. But the same applies to 445 calendars and weekly calendars. You
should always have an ID column that increments by 1 for each row in the table (in chronological order, of
course). This gives you a nice clean numeric column for moving backward and forward inside your formulas.
To illustrate this point, the following formula will work for YTD:
Total Sales YTD Manual ID = CALCULATE ([Total Sales],
FILTER (ALL('Calendar'),
'Calendar' [CalendarYear]=MAX ('Calendar'[CalendarYear]) &&
'Calendar' [ID] <=MAX ('Calendar' [ID])
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Notice that here you replace the Date column with the ID column. Using the ID column like this is very
powerful and allows you to jump back and forward in time, using your knowledge of the Calendar table
structure by just doing numeric addition and subtraction on the ID column.

For one more example using the ID column, write a measure that returns the total sales for the same period
last year. You did this earlier, using the function SAMEPERIODLASTYEAR (), but recall that this inbuilt time
intelligence function works only for a standard calendar. You can also write a custom time intelligence function
that works with a custom calendar using FILTER () . Note in the pivot table below that [Total Sales LY
ID] works on both the month level and the year level.

CalendarYear ~ MonthName - Total Sales Total SalesLYID

=2001 July $473,388
August $5506,192
September 5473,943
October $513,329
November $5543,993
December $755,528
2001 Total 53,266,374
—/2002 January 5596,747
February $5550,817
March 5644,135
April $663,692
May $673,556
June 5676,764
July $500,365 $473,388
August $546,001 $506,192
September $350,467 5473,943
October 5415,390 5513,329
November $335,095 5543,993
December $5577,314 5755,528
2002 Total 56,530,344 $3,266,374

Here is the formula you need to write for this:

Total Sales LY ID = CALCULATE ([Total Sales],
FILTER (ALL('Calendar'),
'Calendar' [ID] >=MIN('Calendar'[ID]) -365 &&
'Calendar' [ID] <=MAX('Calendar'[ID]) - 365
)
)
Note that you can use the ID column to your advantage here to move back in time by 365 days. Also note how
the first reference inside FILTER () istoMIN ('Calendar' [ID]), and the second oneisto MAX ('Calen—
dar' [ID]).It's time to think “whole of table” again. Let’s take a look at two different areas of the following
pivot table.
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CalendarYear ~ MonthMame - Total Sales Total Sales LY ID

+2001 53,266,374
2002 56,530,344 53,266,374
=12003 January 5438, 865 5596,747
February 5489,090 5550,817
March 5485,575 5644,135
April $506,399 $663,692
May 5562,773 5673,556
June 5554,799 5676,764
July 5886,669 5500,365
August $847,414 $546,001
September 51,010,25’0 \ 5350,467
October 51,080,450 5415,390
Movember 51,196,981 5335,095
December 5L,73L78 @) 5577,314
2003 Total $9,791,060] 56,530,344
12004 January 51,340,245 5438,865

In the pivot table cell marked #1 above (October 2003), you need to be able to visualise the Calendar table
asitis currently filtered. In the case of October 2003, there are 31 rows that remain unfiltered. The first (ear-
liest) of these rows is October 1, 2003, and it has an ID of 823. The last unfiltered row is October 31, 2003,
and it has an ID of 853. So “October this year” can be thought of as:

'Calendar' [ID] >=823 && 'Calendar'[ID] <=853
And October last year can be thought of as:

'Calendar' [ID] >=823 - 365 && 'Calendar'[ID] <=853 - 365
When you write it this way, it is obvious why you use >=MIN for the first filter line and <= MAX for the second
one. And the really great thing is that this works regardless of the time period you are looking at. In this first
example, you are looking at a month, but if you look at #2 in the pivot table above, you see that this time
the filter context is on an entire year. The formula therefore is filtering for all periods after the first date of
the entire year (1/1/2003: 'Calendar' [ID] = 550) and also for less than the last date of the calendar year
(31/12/2003: 'Calendar' [ID] =914). Once you learn to trust this “whole of table” behaviour, you will be
able to very quickly write custom time intelligence formulas by referencing the ID column alone.

What About Leap Years?

Astute readers will be crying foul about leap years by now. In fact, if you compare the measure [Total Sales
LY ID] with the measure [Total Sales LY], you will notice that there is a different answer for leap years.
Well, as | said earlier, every business is different, and different businesses handle these things in different
ways. It is beyond the scope of this book to provide solutions to this problem, but you can read about some
possible approaches at http://www.daxpatterns.com/time-patterns/.

A Final Word on ID Columns

In the examples above, we have used an ID column on the day level of granularity—the same level of granu-
larity as the Calendar table. | also like to load integer ID columns for the other important columns of data
in a Calendar table. For example, I like to add a MonthID column to my Calendar tables. It starts with 1
for the first January in the calendar, 2 for the first February, . . . 12 for the first December. But then it would
become 13 for the second January, 14 for the second February, etc. Having a MonthID column like this makes
it easy to reach back in time and grab the same monthly period from any time in the past.


http://www.daxpatterns.com/time-patterns/
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Practice Exercises: Time Intelligence, Cont.

It’s time for some more practice. Write the following formulas. First set up an appropriate pivot table so that
you will get immediate feedback about whether your formula is correct. Find the solutions to these practice
exercises in Appendix A.

68. [Total Sales Moving Annual Total]

With this DAX formula, you need to create a rolling 12-month total of sales. It will always show you 12 months’
worth of sales, up to the end of the current month. Think about the problem using English words first and
then convert that to DAX, using the techniques you have learnt here. | show my tips for writing this measure
later in this chapter, but you should give it a go yourself before you peek.

69. [Total Sales Rolling 90 Days]

This is the same as the formula for Practice Exercise 68, but instead of delivering a rolling 12-month total,
you will instead deliver a rolling 90-day total. Try to do this one from scratch, without referencing Practice
Exercise 68. This is good practice to help you think like the DAX engine.

Tips for Writing a Moving Annual Total

This section walks through how to create the formula in Practice Exercise 69. Start by setting up a new pivot
table with CalendarYear and MonthName on Rows and [Total Sales] on Values, as shown below.

Row Labels |~ Total 5ales

2001 53,266,374
July 5473,388
August 5506,192
September 5473943
October 5513,329

Movember 5543 993
December 5755,528

=2002 56,530,344
lanuary 55496,747
February 5550,817
March 5644135
April 5663,6092
May 5673,556
lune S676,764
July 5500,365
August 5546,001
September 5350,467
October 5415,390

Movember 5335,095
December 577,314

=2003 $9,791,060
lanuary 5438865
February 5489,090
March 5485,575

Then write your formula, which might look like this:

Total Sales Moving Annual Total
= CALCULATE ([Total Sales],
FILTER (ALL('Calendar'),
'Calendar' [ID] > MAX('Calendar'[ID]) - 365 &&
'Calendar' [ID] <= MAX('Calendar'[ID])
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Note: This is not the only way to write this formula. Just as in Excel, there are often multiple ways
to write a formula in Power Pivot. If you have something different and it works, that’s great. Also
note that this formula may not work with leap years, depending on how your business handles
the extra day. (Some businesses ignore the extra day and actually have 6 x 364-day years followed
by 1 x 371-day extraordinary year, so it depends.)

Now check your formulas against the pivot table, as shown below. Select the sales for a period (e.g., #1 below)
and then compare the total against the moving annual total at the end of December 2002 (see #2 below).

Row Labels |~ | Total Sales Total Sales MAT

= 2001 $3,266,374 $3,266,374
July 473,388 $473,388
August 5506,192 5979,580
September 5473,943 51,453,523
October 5513,329 51,966,852
Movember 5543,993 52,510,846
December 5755,528 53,266,374

=12002 56,530,344 56,530,344
January 5596,747 53,863,120
February 5550,817 54,413,937
March 5644135 55,058,072
April 5663,692 55,721,764
May 5673,556 56,395,321
June 5676,764 57,072,084
July 5500,365 57,099,061
August 5546,001 57,138,871
September 5350,467 57,015,395
October 5415,390 56,917,456
Movember 5335,095 .
December 5577,314

=1 2003 59,?91,'[‘.0;‘;
lanuary 5438 AR5

al Sales LY Sheet22

Average: 3544195 Count 12 Sum: 56,530,344

One thing to note is that the first FILTER () line in the formula says greater than, and the last FILTER () line
says less than or equal to. It is easy to get these things wrong when writing formulas, but you should not worry
about this because it is easy to check and verify. As long as you set up a pivot table so that you can test the
formulas you are writing, you can just take a guess and then change it if you need to (i.e., if you got it wrong).
In this example, if you used greater than or equal to, you would end up with 366 days, which is incorrect.

But What About the First Year?

Now, if you want to get technical, the [Total Sales Moving Annual Total] result really doesn’t make
sense in the first 11 months of the sales data because you didn’t have a full year of sales until the end of June
2002. There are many ways to solve this problem by using the IF () function. Here is one solution:
Total Sales MAT Improved =
IF (MAX ('Calendar' [ID])>=365,
CALCULATE ( [Total Sales],
FILTER (ALL('Calendar'),
'Calendar' [ID] > MAX('Calendar'[ID]) - 365 &&
'Calendar' [ID] <= MAX('Calendar'[ID])
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)

Tip: By now you may have realised that it is easiest to copy one formula and then edit the copied
version for the new formula. Indeed, this is a good idea, but try to keep the copying and changing
to a minimum while you are learning. It’s a good idea to get as much DAX writing practice as you
can. Once you know how to do it, using copy and paste is a great way to go faster.

Researching DAX Functions

There are a lot of other time intelligence functions that you can use to write time-based DAX formulas. A
key piece of advice as you learn how to use these other time intelligence functions (indeed, all other DAX
functions) is to do a quick online search and read the relevant information in the documentation.

To do this, do a web search for the function name followed by the word DAX. In the example below, | have
searched for “DATEADD DAX.”

.mﬂ dateadd dax 5, Q

on Boolean aXpressions are

The first result returned is normally the official Microsoft documentation (MSDN) site. When you click on this
MSDN link, you see something like the following.

DATEADD Function (DAX)

AR VErSIons

Retums  table that containd & cslumn of dates. shilted edher forwaind o Bastiogard 1n bk by the toecified rumber of intervais from the gt o the

CLTTRTTE DO

Syntax
DATEADD] cdateny , cnigsbar_of intervali:, cintervals)
Parameters

Term Ewfinition
dates A colums That contams dater

numbes_of_mtervals | An srbeges that spedifes the number of inbirvale 10 add ta or sulbbract frem the dates

P &, QUaEFTEE, IonCh day

ntenval The invenial by viinich 1o shify the dames. The vialue for irosevsl can te oo of the foliowing: yea

Return Value

A hisle catBrng B Sinsle oslumn o Sne vl
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In many cases, the official documentation is not as useful as other websites. But there is some very important
information that you can get from MSDN: the syntax, parameters, and return value. You can find the syntax
and parameters by typing a function directly into the Measure dialog box in Excel, but sometimes the Intel-
liSense help doesn’t clearly tell you the return value—and this is where doing a web search can help. The
return value is a key piece of information that helps you understand how to use a function. In the case of
DATEADD () above, the return value is a table, and hence you would use DATEADD () inside CALCULATE ()
to do a time shift. So you might write something like this:
Total Sales LY DATEADD =
CALCULATE ( [Total Sales],
DATEADD ('Calendar' [Date], -1, Year)
)

This formula works on various different time horizons, including quarters as well as years, as shown below.

CalendarYear Y= Y. | Rowlabels -T Total Sales Total Sales LY DATEADD
2002 56,530,344 53,266,374
2001 2003 59,791,060 56,530,344
2002 Grand Total $16,321,404 $9,796,717
2003
2004

You may realise that this is basically the same as the SAMEPERIODLASTYEAR () example shown earlier in
this chapter.

As another example, when you do a quick search for FIRSTDATE, you find the MSDN site the first time again.

GO g!e first date dax & qQ

All Mews mages Videos Maps Mare Seftings Tools

FIRSTDATE Function (DAX) - MSDN - Microsoft
https:/imsdn.microsofLcomien-us/library/ees34806 aspx -

The dates argument can be any of the following: A reference to a date/time column. A table expression
that retums a single column of date/time values

If you click through to the MSDN site, you can see that the returned value is a special table that has a single
column and a single row, as shown below.

FIRSTDATE Function (DAX)

COther Versions =
Retumns the first date in the current context for the specified column of dates.

Syntax

FIRSTDATE( cdatess)

Parameters
Term Definition
dates A column that contains dates.

'Return Value

A table containing a single colummn and single row with a date value.
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FIRSTDATE () returns a single value in a table. This is a special type of table that can be placed directly into
a cell in a pivot table. (Normally you cannot do this.) So, you could write a formula like this:

First Date = FIRSTDATE ('Calendar' [Date])

Row Labels |~ Total Sales Total Sales LY DATEADD First Date
=12001 $3,266,374 01/07/2001
3 £1,453,523 01/07/2001
4 $1,812,851 01/10/2001
=12002 $6,530,344 $3,266,374 01/01/2002
1 51,791,698 01/01/2002
2 52,014,012 01/04/2002
3 51,396,834 81,453,523 01/07/2002
4 81,327,799 81,812,851 01/10/2002
=12003 9,791,060 46,530,344 01/01/2003
1 51,413,530 81,791,698 01/01/2003
2 81,623,571 82,014,012 01/04/2003
3 52,744,340 1,396,834 01/07/2003
4 54,009,218 1,327,793 01/10/2003
=12004 9,770,900 9,791,060 01/01/2004
1 54,283,630 £1,413,530 01/01/2004
2 55,436,429 £1,623,971 01/04/2004
3 550,241 £2,744,340 01/07/2004
4 54,009,218 01/10/2004
Grand Total 520,358,677 510,587,777 01/07/2001

Other Time Intelligence Functions

Here is a list of other time intelligence functions that you might want to explore:

DATESINPERIOD (date column, start date, number of intervals, intervals)
DATESBETWEEN (column, start date, end date)
DATEADD (date column, number of intervals, interval)
FIRSTDATE (datecolumn)

LASTDATE (datecolumn)

LASTNONBLANKDATE (datecolumn, [expression])
STARTOFMONTH (date column)

STARTOFQUARTER (date column)
STARTOFYEAR (date column [,YE date])
ENDOFMONTH (date column)
ENDOFQUARTER (date column)
ENDOFYEAR (date column)
PARALLELPERIOD (date column)
PREVIOUSDAY (date column)
PREVIOUSMONTH (date column)
PREVIOUSQUARTER (date column)
PREVIOUSYEAR (date column)
NEXTDAY (date column)

NEXTMONTH (date column)

NEXTQUARTER (date column)
NEXTYEAR (date column [,YE date])
DATESMTD (date column)

DATESQTD (date column)

DATESYTD (date column [,YE date])

TOTALMTD (expression, dates, filter)

TOTALQTD (expression, dates, filter)
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A Free Quick Reference Guide

| have produced (and | maintain for new functions) a quick reference guide of all DAX functions in PDF format
that you may like to download and use. The DAX Reference Guide PDF is not meant to replace the online doc-
umentation but to supplement it. As shown below, the PDF is fully indexed, and you can jump to the relevant
sections by clicking on the hyperlinks in the table of contents.

You can download the DAX Reference Guide for free by visiting my online shop at http://xbi.com.au/shop and
then navigating to the Books section.

DAX Functions List

This DAX functions quick reference guide has been prepared by Matt Allington from hitp-//excelera-
torbi. com au and contains a list of all current DAX functions in a summarised and easy to use format.
You can print the document and/or use the search features for PDF documents to search for the
function you are looking for.

This document is a supplement and is not intended to replace the more detailed documentation that
is available online.

When looking for online documentation it is best to do a web search from your favourite search engine
by specifying the function name followed by the word DAX i.e. “FunctionName DAX".

Tip: If you are going to search this document for a function name using search, then type the function
name followed by a space then an open bracket. E.g. instead of searching for VALUES you should
search VALUES (, including the space.

Contents
DAX Functions List

DAX Aggregation Functions (Aggregators)
DAX Date and Time Functions

DAX Filter Functions

DAX Information Functions

DAX Loagical Functions
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16: DAX Topic: RELATED() and
RELATEDTABLE()

The functions RELATED () and RELATEDTABLE () are typically used in calculated columns to reference
relevant records in other tables, although they can be used in measures, too. They are a bit like VLOOKUP ()
for tables that have a relationship. As mentioned briefly in Chapter 10, a row context does not follow a re-
lationship. So even though there may be a relationship between two tables, a row context cannot use this
relationship—unless you use one of these two functions that can. Basically, RELATED () and RELATEDTA-
BLE () allow a row context to leverage an existing relationship so it can access columns in related tables.

When to Use RELATED() vs. RELATEDTABLE()

To understand when to use the RELATED () and RELATEDTABLE () functions, you need to understand what
each one returns. As you know, you can use IntelliSense in the formula bar in the Power Pivot window to find
out what each of these functions returns.

You can see below that RELATED () returns a single value from another table.
K Jx=rela

H s . u Trrio | RELATED Hetums a related value from anvnthertal:ule

1 Morthwest [=% Morth America

Rranm

] @ RELATEDTABLE ' Retums the related tables filtered so that it only includes the related ows.

Remember from Chapter 2 that relationships between tables in Power Pivot are normally of the type “one to
many.” Also remember from Chapter 2 that best practice for Excel users is to lay out tables in Diagram view
with the lookup tables at the top (the “one” side of the relationship) and the data tables at the bottom (the
“many” side of the relationship), as shown below.

[ Calerntar 7 Cusiomers M Products 1 Territories
|
M Date T Curstomer oy [ Productkey T Territory Key
M DayNumberolinesk 11 B Geographyitey 1= <3 T ProacfisctName —1 O teaghon
M DayMame | B Rame 0 StandardCost M Country
T DayNumberCinn... 1 BirthDale B Colar M Groaup
= - m g Ol LigdPicn
o' Tables on the
one side of the
relationships
a o
Tt ’
Tables on the
o Sales many side of the
S relationships
SalesfrderLineiu

T OrderCuantity
T unitPrice
O Emtendedamosnt

7 Uit PriceDooow

The two RELATED () functions allow you to refer to columns in another connected table. So when you think
about it, if you want to add a custom column in a table on the “one” side of the relationship—i.e., add a new
columnin a lookup table (a table above the line in the image above)—then it is highly likely that there will be
multiple rows on the “many” side of the relationship. So when writing a formula in a calculated column on a
lookup table, you must use the RELATEDTARLE () function because it will fetch a table of values, including
all the matching values in the data table. Conversely, if you are writing a calculated column in a table on the
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“many” side of the relationship (i.e., a data table), then there will be only one matching row in the lookup
table, and hence you use RELATED () to return that single value.

The RELATED() Function

This section provides an example of bringing a value from a column in a lookup table into a table on the “many”
side of the relationship. For the sake of this example, assume that your business has a new management layer,
and you want to add a new level of reporting to cover this new management layer. In effect, you need to en-
hance the Territories table to add a new geographic region. To achieve this, you could do the following:

e Create a new table that contains the logic of the new management layer.
¢ Import the new table into the data model.
e Join the new table to the existing Territories table (in this example).

e Create a new calculated column in the Territories table (on the “many” side of the relationship)
and bring in the new management layer from the new table into the Territories table as a new
column.

This will all make more sense as you work through the following example, which also shows how you can
manually add new tables of data in Power Pivot.

Here’s How: Manually Adding Data to Power Pivot from a
New Linked Table

Sometimes you don’t have the data in your data model that you need to complete a task. Say you wanted
to create a new management level in the Territories table. You could do that with a calculated column,
but you could also do it by loading another table of data local to your Excel workbook. In this example, you
are going to create a new management level for the Northern and Southern Hemispheres of the world and
learn how to create a linked table at the same time:

1. Insert a new worksheet in your workbook and add the following data to the sheet.

Group Hemisphere
Europe Morthern
MNA MA

Morth America Morthern
Pacific Southern

2. Select one of the cells in the data and press Ctrl+L (or press Ctrl+T or select Insert, Table). To help
Excel auto-detect the table, ensure that there is no other data in the surrounding cells.

3.  While you still have the new table selected, go to the Table Name box on the File tab and rename
the table Hemisphere.

Table Mame: Summarize with Pivot
Hemisphere BB Remove Duplicates

I:Ir Resize Table % Convert to Range

Properties Tools
Al w7 Je
A B
B(Group B Hemisphere |
2 Europe Morthern
3 MA MA
4 |North America MNorthern

Pacific Southern

Ln
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Note: You must rename your linked tables inside Excel. Unlike with other imported tables, you
can’t change linked table names inside Power Pivot.

4. From the Power Pivot tab select Add to Data Model. (In Excel 2010, from the Power Pivot tab select
Create Linked Table.)

5. Switch to the Power Pivot window and then switch to the Diagram view and rearrange the tables so
that the new table (which is a lookup table to another lookup table and will be on the “one” side of
the relationship) is sitting above the current Territories table, as shown below.

[ Calendar T Hemisphere

[ Customers M Products

[ Date M Group 11

T DayNumberOfWeek

[ customerkey @ Productley

T Productama 1 Hemisphere

! GeographyKey

[ DayNams T Name [T standardCost
T DayNumberofa.., [ BirthDate ™ Color 2 Tarritaries
[ DayNumberQfYear I MaritalStatus ) ListPrice [ Territory Kay
3 . | - Jad| = - Region ~
[ Country
] Group

™ Sales |

J

[T OrderDatekey -

[ PreductEey
¥ B OrderDate

[l Customarkay

[0 SalesTerritoryley

6. Join the tables by dragging the Group column from the Territories table up and dropping it on
top of the Group column in the new Hemisphere table.

Note: The Territories table now has two roles. It is now acting as a lookup table to the Sales
table and as a data table to the new Hemisphere table.

7. Bring the data that resides in the Hemisphere [Hemisphere] column into a new calculated col-
umn inside the Territories table. Switch to the Data view, navigate to the Territories table,
and then add a calculated column by typing the formula shown below.

=RELATED{Hemisphere[Hemisphere]

pi= W, LD =
Territar'yr... "ﬁn Region pll| LOUNLY | Group "‘ﬂ Add Column

1 1 MNorthwest United States Morth America | |
2 Mortheast  United States Morth America
3 Central United States Morth America
4 Sputhwest United States Morth America
5 Southeast  United States Morth America
6 Canada Canada Morth America
7 France France Europe

8. Press Enter, and you see all the values appear in the new calculated column. It is a lot like a VLOOK-
UP () ! You can rename the new column by double-clicking the heading and typing a new name.
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[HemiSphere] - fx|:REL.ﬂ.TE[J[HemiEphere[HemiEphere]]
(4] territory.. B Region @] Country B Group 1 12 (TR
1 1 MNorthwest Unlted States Nnrth America Maorthern
2 2 Mortheast  United States Morth America Maorthern
3 3 Central United States Morth America Morthern
4 4 Southwest United States Morth America Maorthern
3 5 Southeast  United States Morth America Maorthern
3] 6 Canada Canada Morth America Morthern
7 7 France France Europe Morthern

9. Finally, to hide the Hemisphere table from the client tools, in the Diagram view, right-click the
Hemisphere table and select Hide from Client Tools, as shown below.

™ Products ] Hemisphere

™ ProductKey
ProductSubcatego...

1 Group =5 Create Relationship...

=1 Hemisphe| . create Hierarchy
ProductName
< Delste

StandardCost B Territories

Hide from Client Tools

Color ] Territory K
= Region
] Country
M Group

=2 GoTo
=[] Rename

[&] Maximize

It is good practice to bring data from an “add-on table” like this Hemi sphere table into the main Terri-
tories table as an additional column rather than use the data in an additional lookup table. It is possible to
leave the Territories table untouched and use the columns from the Hemisphere table in your pivot
tables. But the problem is that this can be confusing to users. It doesn’t make business sense to have all the
geographic information except for the hemisphere information in the Territories table but instead store
itin the Hemisphere table. So for consistency and simplicity for the end user, it is better to bring all the “like
data” into the same table (or simply create the new data as a calculated column without the linked table at all).

Note: Better practice is to bring all the “like data” into the same table when you load the data
using Power Query, but you can also do it as shown here. And best practice is to change the Ter-
ritories table back at the source to include the new Hemisphere columnin the Territories
table, but that is not always possible in a timely manner.
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The RELATEDTABLE() Function

As discussed earlier, RELATEDTABLE () is used to reference a table on the “many” side of the relationship. A
simple example is to add a new calculated column to count how many sales there have been for each product.
Once again, | generally don’t recommend that you do this (because you can do it in a measure), but there
may be valid reasons to do it in some cases.

Go ahead now and add the following calculated column in the Products table:
= COUNTROWS (RELATEDTABLE (Sales))

As you know, RELATEDTABLE () returns a table, and COUNTROWS () counts the rows in that table. This calcu-
lated column in the Products table therefore takes the row context in the calculated column and leverages
the relationship with the Sales table to count the rows in the Sales table for just the single product. As a
result, you end up with a new column that indicates the number of items sold (over all time) for each prod-
uct in the Products table. (The quantity for each line in the Sales table is always 1 in this sample data.)

Note: You do not need to use CALCULATE () with RELATEDTABLE () to force context transition
and convert the row context to a filter context. RELATEDTABLE () will work on its own.

One valid use case for using RELATEDTABLE () would be to create a slicer to filter on slow-, moderate-, and
fast-selling products. If you want to use a slicer, you must write your DAX as a calculated column. (You can’t
place measures in slicers.) You could first create a calculated column and then use the banding technique
discussed in Chapter 17 to group products as slow-, moderate-, and fast-moving products. (Park this thought
for now and come back after you have read Chapter 17 if you want to try out this technique.)
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17: Concept: Disconnected Tables

So far as you have worked through this book, you have always loaded tables into the data model and then
connected them to other tables. This is a fundamental technique with Power Pivot that allows you to work
across multiple tables without using VLOOKUP () . However, you are not required to join tables together in
the data model, and indeed there are some instances when it doesn’t make sense to do so. This chapter
discusses two techniques that do not involve connecting tables:

e Using harvester measures

e Using banding
Using Harvester Measures

Rob Collie taught me the technique of manually creating a table of values and then writing a special measure
to “harvest” the value selected by the user from that table so it can be used inside a formula, and | have bor-
rowed his name for it: harvester. As the name suggests, a harvester measure is used to “harvest” something,
such as input from a user. Let’s look at an example to demonstrate.

Imagine that in your data, the sales result is directly proportional to the profit result. You have sales data and
want to see what impact an increase in sales will have on your total profit. You could write a new measure
hard-coded at a 10% increase, as shown below.

Measure ? >

Table name: | Sales — |

Measure name: |T|:|ta| Margin (inc sales 10%) |

Description: | |

Formula: | | | Check formula

=[Total Margin 5]~ 1.1

Formatting Options

And it would look as shown below in a pivot table.

CalendarYear 2003 .

. Total Margin
Row Labels— Total Sales Total Margin$
- (inc sales 10%)
Accessories 5293,710 5183,862 5202,248
Bikes 9,359,103 43,833,345 $4.216,680
Clothing $138,248 455,526 $61,078
Grand Total 0,791,060 £4,072,733 $4,480,006

But what if you wanted to see what it looks like for a 5% increase in sales, or 15%, or some other percentage?
It would not be efficient to create lots of new measures, one for each value. A better approach is to create a
table of possible values and then create a harvester measure to receive input from the user on which value
to use.
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Here's How: Creating a Harvester Measure

Follow these steps to create a harvester measure:

1. Start with a blank worksheet in your workbook and create a list of possible values, such as a range
of integers from 1 to 15, with the header Value, as shown below left.

2. Click anywhere in the list and press Ctrl+L to create an Excel table. You get something like the table
shown below right.

Value

L = e = L L I

W0~ o g o=

=
TR ==
=
[ERE =

=
L

=

(8]

[
=

=

F

&
&

3. Click inside the table, make sure the Design tab is selected (it should be automatically) and then in
the Table Name box, change the name of the table to Increase.

Table Mame: Summarizewith PivotTable %
E*E Remaowve Duplicates

= Insert

s =1 Convert to Range Slicer

Properties Tools

4. Add this table to the data model. To do this, select any cell in the table and then go to the Power
Pivot tab and select Add to Data Model (or, in Excel 2010, select Create Linked Table). After you do
this, the Data view opens, and you see the new linked table inside Power Pivot.

5. Switch to the Diagram view so you can see your new table. (You may need to select Fit to Screen to
be able to see it.) This time the table is not joined to any other table; it is a disconnected table. Just
position it somewhere so it is easy to see on the screen, as shown below.
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T Customarkey T Sroup

[ Geographykey =1 Hemisphers L,
M Name

T BirthDate

T Meriralirati

BT Territory Key

— T Region

[ Country
Group

7 Hamidnheoe

T Productioery

o [ Orderbate
—* [ OrdeDatekiy o
I Customerkey
T SalesTerritoryKiy

6. Now create a new pivot table and put Increase[Value] on Rows (just for this demo). Then add
Increase[Value] as aslicer as well. You should have a pivot table like the one below.

Row Labels - Value = %
2 1 | ~
3 E |
5 E |
6 4 ]
; E |
9 6 ]
: : |
12 [ 8 ]
13 9 |
E 10 |
Grand Total [ 11 ] v

7. Note what happens when you click on one of the values in the slicer. It filters the pivot table so
that only that single value is visible in Rows. The slicer thus allows the user to select a single value
to represent the increase in sales required for analysis. What you now want to do is “harvest” this
selection into a measure.

8. Click inside the pivot table and write the following measure:
Selected Value = MAX (Increase[Valuel])
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9.

Remove Value from Rows and put the new measure [Selected Value] in the Values area. As
you can see below, when you select a value in the slicer, it is shown in your harvester measure (Se-
lectedValue) in the pivot table.

Selected Value | value = %

10.

5| R
2
3
4
5 v

This measure uses the function MAX (). You may recall that this function returns the single value
selected in the filter context. This is the secret sauce of this harvest measure. The MAX () function
“harvests” the selection from the user in the slicer and then passes that selected value to your for-
mula for the measure [Selected Value]. If the user hasn’t selected a single value, it returns the
maximum of all the selected values.

Note: This is what is happening here:

The slicer is connected to the table called Increase in the data model.

When you select a single item in the slicer, the slicer filters the Increase table in the data model
so that only that single row is left unfiltered. (You can imagine this table filtered this way or you can
simulate what is happening by applying a filter to the table inside Power Pivot.)

The measure [SelectedValue] respects the pivot table filter context. (Remember that the slicer is
part of the filter context.) Then the measure finds the maximum of Value in the initial filter context.

You can make sure only a single selection is made by setting the multi-select icon on the top-right
corner of corner of the slicer to Off.

Given that there is only one value that is unfiltered, the measure returns that value.

So it should be obvious that you can use almost any aggregation formula in place of MAX () . MIN (), AVER-
AGE (), and SUM () all work just as well because the slicer selection has only a single item selected. These
other aggregation approaches give you different results if you select more than one item from the slicer,
but in this scenario, you are only expecting the user to select a single value.

Once you have the value selected in the slicer available as a measure, you can write a new DAX formula that

uses it:

Total Margin with Selected Increase =
[Total Margin $] * (100 + [Selected Value])/100

CalendarYear 2003 -

value = %
Total Margin

L]
Total Sales Total Margin § with Selected !
Row Labels ~ Increase 2
Accessories 5293,710 5183,862 5191,216 3
Bikes 9,359,103 43,833,345 43,986,679
Clothing 5138,248 555,526 557,747 4

Grand Total  $9,791,060 $1,072,733  $4,235642 | 5 v
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11. To tidy this up a bit, change the description in the slicer by right-clicking the slicer and selecting Slicer
Settings. Then change the title to read $ Sales Increase.

CalendarYear 2003 -

% Sales Increase Y= T
Total Margin 1 -
Total Sales Total Margin $ with Selected
Row Labels ~ Increase 2
Accessaories 5293,710 5183,862 5191,216 3
Bikes 59,359,103 53,833,345 53,986,679
Clothing 5138,248 555,526 557,747 4
Grand Total  $9,791,060  $4,072,733  $4,235,642 5 v

Practice Exercise: Harvester Measures

In Chapter 9, you created the following DAX formula:
Total Customers Born Before 1950 =
CALCULATE ( [Total Number of Customers],
Customers [BirthDate] <DATE (1950,1,1)
)
In the next practice exercise, you will write a measure that allows you to change the “before year” by using
the harvester measure technique described above.

Find the solution to this practice exercise in Appendix A.

70. [Total Customers Born Before Selected Year]

Create a new pivot table that allows the user to select from a list of years in a slicer. Change the [Total
Customers Born Before 1950] measure from being hard-coded to 1950 and instead make the year
selectable from the slicer.

This is quite a difficult problem, and you will have to think back on what you have learnt in previous chapters
to make it work. You should try to do it yourself, and if you get stuck, read the start of the worked-through
solution below and then try to solve the problem again.

Here’'s How: Solving Practice Exercise 70

There is a trick to Practice Exercise 70. The original measure you created used a “simple filter” in CALCU-
LATE (). If you replace the “year value” from the first formula with the harvester measure [Selected
Year], you get the error message shown below.

Table Mame: Customers o
| Measure Mame: Total Customers Born Before Selected Year Error

Value Description:

Formula: _fr Check DAY Formula

=CALCULATE([Total number of Customers], Customers[BirthDate]< DATE([Selected Year],1,1])

1 This formula is invalid or incomplete: ‘Calculation error in measure "Customers' [Total
H Customers Born BEefore Selected Year Error]: & function "CALCULATE' has been used in a
True/False expression that is used as a table filter expression. This is not allowed.’.
Categorny:
General Format: Whaole Mumber e

Fimdn
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The problem is that you cannot use measures in a “simple” CALCULATE () formula. If you want to use
measures (as you do in this case), you must use the FILTER () function inside CALCULATE (). So instead
of writing this:

Customers[BirthDate] < DATE ([Selected Year], 1, 1)
you need to write a FILTER () function that filters the Customers table to replace the line above.

Go back and give it a go: See if you can write the correct formula by using the FILTER () function. If you still
need more help, read on to see the correct formula.

Here is the worked-through solution for Practice Exercise 70:

1. Create a list of values in Excel for years (say 1900 through 2000). Give the column a header such as
Year.

2. Convert the list to an Excel table, give it a name like YearTable, and add it to the data model. Do
not connect the table to any other tables.

3. Create a new pivot table and put Customers [Occupation] on Rows.

Insert a slicer for the new table. Find the new table YearTable in the PivotTable Fields list, right-
click the column Year, and select Add as Slicer.

5. Click inside the new pivot table and then write a new measure to harvest the selected value from
the slicer:

Selected Year = MAX (YearTable[Year])
6. Write the following measure to put into your pivot table:

Total Customers Born Before Selected Year

= CALCULATE ([Total Number of Customers],
FILTER (Customers,
Customers[BirthDate] < DATE ([Selected Year], 1, 1)

)
7. Youshould end up with something that looks as shown below. When you click on a year in the slicer,
the [Selected Year] measure updates in the pivot table, and the results for [Total Custom-
ers Born before Selected Year] update to show the values for the year you have selected in

the slicer.
Total Customers | Year = %
Selected Year Born Before

1963 ~
Row Labels |+ Selected Year
Clerical 1965 1,567 1964
Management 1965 2,229 1965
Manual 1965 860
Professional 1965 3,3g2 | 1306
skilled Manual 1965 2,071 | 1987
Grand Total 1965 10,109

1968

1969

1970 y

8. The [Selected Year] measure is not required to be in the pivot table, and you can and should
remove it once you know the pivot is working.
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The SWITCH() Function Revisited

In Chapter 11, | introduced you to the SWITCH () function. One really cool feature of SWITCH () is that you
can create a switch measure that allows you to toggle between multiple other measures. Take a look at the
pivot tables shown below.

w o —
Row Labels |T1}tal Measurel Total Measure Y= %
2001 53,266,374
2002 46,530,344 Total Sales
2003 $9,791,060 Total Cost
2004 59,770,900 )
Total Margin
Grand Total 420,358,677
©) 0)
Row Labels | ITI}tﬂl Measure_l | Total Measure 7= T
2001 51,954,768
2002 33,883,493 | 1otalsales
2003 55,718,327 Total Cost
2004 55,721,205 .
Total Margin
Grand Total 517,277,704
O) ©)
- v
Row Labels ITI}tEll Measure | | Total Measure Y= %
2001 41,311,606
2002 $2,646,850 Total Sales
2003 54,072,733 Total Cost
2004 54,049,695 )
Total Margin
Grand Total 512,080,884
5) o)

The first pivot table (see #2 above) has Total Sales selected in the slicer (#1). When Total Sales is se-
lected, the pivot table updates to show [Total Sales] (#2). When the user selects Total Cost (#3), the
pivot table changes to show [Total Cost] (#4), and when Total Margin (#5) is selected, the pivot table
shows the [Total Margin $] results (#6). This toggle effect, which is really engaging for the user, can be
used to create very complex and useful interactive reports.

Here’'s How: Creating a Morphing Switch Measure
You need to create a disconnected table and a harvester measure to be able to complete this technique:
1. Create a table of values in Excel as shown below.

1 Total Sales
2 Total Cost
3 Total Margin

Name the table DisplayMeasure.
Add the table to the data model. Do not connect the table to any other tables.

Switch to Data view in the Power Pivot window, click in the DisplayMeasure [Measure] column,
and click the Sort by Column button (see #1 below) and then Sort by Column (#2).
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2]
Data Type : Whaole Number = —_'e?l Sort Smallest to Largest ‘Q)F H E Autosum - D Dg F
Format : General = El Sort Largest to Smallest ) ‘L } Create KPI ) i f;x
S % > %% f Clear sort Titers Columne | View View Hidden fvea
Formatting Sort and Filter L_J—"T‘ Sart by Column... g ions View
# Clear Sort by Column |¥|

5. Ensure that the Sort column (see #1 below) has Measure selected and select Measure ID from the
Column drop-down (#2). Click OK (#3).

Select the column to be sorted and the column by which it is sorted (for example, sort the month
name by the month number). Click the link below to learn how to sort by a column from a different
table

Sort By
Column @) Column @')
‘Measure W [Maasure ID o |

How to sori by 8 column from a different table? Q) Cancel

6. Go back to the Excel window. Create a new pivot table and put 'Calendar' [CalendarYear]
on Rows.

7. Insert a slicer for the DisplayMeasure table. Find the DisplayMeasure table in the PivotTable
Fields list, right-click the column Measure, and select Add as Slicer.
8. Click inside the new pivot table and then write a new measure to harvest the selected value from
the slicer:
Selected Measure = MAX (DisplayMeasure [MeasureID])
9. This is the harvester measure that you use to select the column that is to be displayed in the pivot
table.
10. Create a new measure in the Sales table as follows:
Total Measure = SWITCH ([Selected Measure],
1, [Total Sales],
2, [Total Cost],
3, [Total Margin $]
)
11. Change the slicer title to Total Measure. You now have an interactive pivot table as shown below,
with the Total Measure column displaying values based on the measure selected in the slicer.

Row Labels ~ Total Measure Total Measure 7= T
2001 53,266,374
2003 $9,791,060 Total Cost
2004 49,770,900 :
Total Margin
Grand Total 529,358,677

Using Banding

Another disconnected table technique is banding; | learnt this technique from Marco Russo and Alberto
Ferrari at http://sqglbi.com.
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To understand banding, think about the earlier example in this chapter in which you created a slicer based
on the year the customer was born. A more common and practical need is to be able to analyse customers
based on their age group rather than their actual age, like this:

e Under 20

e 20tolessthan 30
e 30tolessthan 40
e 40tolessthan 50
e 50 toless than 60
e 60andover

It is possible to write a calculated column in the Customers table that creates these age group bands. But
it would be a very complex formula, and it would be hard to edit.

Note: For the sake of the exercise, | use January 1, 2003, as the “current date” from which to
work out the age of each customer. Of course, in reality, each customer’s age band will change
over time, but | have ignored that fact for this example so that the results you see onscreen will
be the same as my results shown below. If | used TODAY () in this exercise, my results would be
different to yours.

A hard-coded calculated column formula for age group might look like this:

= IF(((date(2003,1,1) - Customers[BirthDate])/365)<20,"Less than 20",

IF(((date(2003,1,1) - Customers|[BirthDate])/365)<30,"20 to less than

30", IF(((date(2003,1,1) - Customers[BirthDate])/365)<40,"30 to less

than 40", IF(((date(2003,1,1) - Customers[BirthDate])/365)<50,"40 to

less than 50", IF(((date(2003,1,1) - Customers[BirthDate])/365)<60,"50

to less than 60", "Greater than 60")))))
This DAX works, but it is not very user friendly, it is hard to write, and it is even harder to read and maintain.
A better approach is to use banding.

Here’s How: Applying Banding
The first step in banding is to create a linked table in Excel that contains the upper and lower values for each
band, as well as a text description. Follow these steps:

1. Create a list of values in Excel and convert it to a table (by pressing Ctrl+L). You should have some-
thing that looks like the table below.

2. Inside Excel, go to the Table Design tab and rename the table AgeBands. (You can’t change a linked
table name inside Power Pivot, so you need to change it in Excel.)

Table Mame: Summarizewith PivotTable E
Ex

AgeBands B+ Remove Duplicates |
N nsert
‘] Resize Table % Convert to Range

Slicer
Properties Tools
D2 w7 b Band
A B C D

2 tow EdnHigh ElBand K3
3 0 20 Less than 20
4 20 30 20 to less than 30
5 30 40 30 to less than 40
6 40 50 40 to less than 50
7 50 60 50 to less than 60
a 60 70 60 to less than 70
g 70 999 Greater than 70
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W ota [~ | b (w s | =

[ [ S S
W M= e

| T | e T R )

13152 Gabrielle Butler 16/02/1978 ...

14095 343 Paige Griffin 10/09/1976 ... 26
14349 546 Micole Griffin 11/05/1974 ... 26
15252 547 Jada Murphy 14/02/1980 ... 22
15258 607 Chloe Reed 07/05/1978 ... 24
15816 50 Victoria Miller 20/05/1976 ... 26
17338 62 Jordyn Long 17/02/1974 ... 26
17359 637 Maria Flores 08/03/1975 ... 27
18345 53 Samantha Bryant  19/09/1975 ... 27
18762 345 Arthur Wilson 22/05/1978 ... 24
18775 546 Andrea Bell 18/05/1975 ... 27
18730 635 Julia Martin 26/09/1979 ... 23
18915 316 Sydney Gonzalez  05/01/1975... 28
19636 236 Jessica Lee 17/11/1976 ... 26

=t
™

3. To add your table to the data model, go to the Power Pivot tab and select Add to Data Model. (In
Excel 2010, select Create Linked Table.)

Note: It is important to set up the banding table so there is no crossover of ages between the
low and high ranges. The table above covers all possible ages between 0 and 999, without any
duplication. Of course, the 999 value is any arbitrarily large value to catch everyone.

Note: There is no need to join this table to any other table in the data model. In fact, there is
no workable way you can do that anyway. Even if there were an age column in the Customers
table, you still couldn’t join this table to the age column. This banding table doesn’t contain all
the possible ages for customers; it just has the age bands. So if you first create a customer age
column and then join the Low column to this new column, the data will only match for customers
who are 20, 30, 40, etc. There will be no match for customers with ages that don’t end in a zero
(e.g., 21, 22, 23, etc.). So that is not going to work. This table is not joined; hence, it is called a
disconnected table.

4. Gotothe Customers table in Data view and scroll all the way to the right of the table until you see
Add Column as the next column name.
5. Click in the first cell in this blank column and type the following formula in the formula bar:
=(DATE (2003,1,1) - Customers|[BirthDate]) /365
6. Press Enter, and Power Pivot automatically renames the column Calculated Column 1. Just dou-
ble-click that column name and rename it Age.

Note: Although it is not required to make this banding technique work, you could enhance this
formula with some rounding, as follows:

= ROUNDDOWN ( (DATE (2003,1,1) - Customers[BirthDate]) /365, 0)

7. Now that you have this new calculated column, you can write some DAX to create the banding col-
umn.

8. Move to the right of the Customers table until you see Add Column, click in the first cell of this
empty column and enter the following formula:

= CALCULATE (VALUES (AgeBands [Band]),
FILTER (AgeBands,
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Customers[Age] >= AgeBands|[Low] &&
Customers[Age] < AgeBands[High]

)
9. Double-click the column heading and name this column Age Group.

The key to this formulaisthe FILTER () function. This FILTER () function iterates over the AgeBands table
and checks each customer’s age against the low and high values for each band. There is only ever one single
row in the AgeBands table that matches the age of the customer. The FILTER () function inside CALCU-
LATE () first filters the AgeBands table so that only the one row that matches the age band is left visible.
Then CALCULATE () evaluates the expression VALUES (AgeBands [Band] ), and because there is only one
row visible, VALUES () returns the name of the band as a text value into the column.

Note: There are two main benefits of taking this approach to banding:

e The DAX formula is easier to read and understand. Once you get used to the concept, it is easier
to write, too.

e |tis easy to make changes in the future. For example, if you want to add another age band to your
analysis (e.g., a new “Greater than 80” age band), all you need to do is add another row to your
AgeBands table and then click Refresh.

Here’'s How: Editing a Manually Created Table

After you have created a linked table, you may need to go back and change the data in the table. Follow these
steps to edit a manually created table (linked table):

1. Add new rows to the table, as shown below. Note that one new row is added to the bottom of the
table, and the last row is changed from the original table:

0 20 Less than 20

20 30 20 to less than 30
30 40 30 to less than 40
40 50 40 to less than 50
50 60 50 to less than 60
B0 70 60 to less than 70
70 80 70 to less than 80
a0 999 Greater than 80

2. Inthe Power Pivot window, select Refresh, Refresh All.

“ Home Design Advanced
Paste Append Data Type
Paste Replace o L Format

Paste From From Data From Other  Existing Refresh § PivotTable

- .0 ,00
Lopy Database ~ Service™  Sources  Connections x - $~% » Too s
Clipboard et EBxternal Data ré Refresh Farmatting

[Low] - fx llF‘,a Refresh Al I
N

20 Lessthan 20
2 20 30 20to lessthan 30

~ e arm AL I __al . an

Note: In Excel 2013, all you need to do is open the Power Pivot window, and it should update
automatically.

3. Maintaining a banding table like this is much easier than editing a complex nested IF statement.
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4. It’s time to use this new calculated column in a pivot table, so create a new pivot table on a new
worksheet. Put Customers [Age Group] on Rows and then add these measures that you wrote in
Practice Exercises 1 and 15):

[Total Sales]
[Customers That Have Purchased]

5. Add some conditional formatting so that the pivot table is easier to read. You should end up with a
pivot table something like the one shown below.

Customers That
Row Labels *  Have Purchased
20tolessthan30 [ 3,319 $4,356,580
30to lessthanao [ 6,301 11,537,347
40tolessthanso (D 4937  $8,585,476
E
£

Total Sales

50 to less than 60 2,727 53,685,270
60 to less than 70 1,076 51,117,530

70 to less than 80 96 S71,747
Greater than 80 28 54,728
Grand Total 18,484 $29,358,677

It is easy to see the power of banding. It is unlikely that you will ever want to analyse a business based on
sales to customers who are 20, 21, 22, etc. Grouping customers into age brackets is more practical, and this
disconnected table banding technique makes it a snap.

Interim Calculated Columns

In the banding example, you first created an Age calculated column and then created an Age Group calculated
column. Breaking the problem into parts like this makes the DAX easier to read, write, and debug. However,
you should be aware that it is generally not considered good practice to leave interim calculated columns in
your data model as they inefficiently take up extra space (unless you want to use the interim column in your
data model as well, of course).

What you really should do after you get the final calculated column working as expected is combine all the
unwanted interim columns into a single final calculated column and then delete the unwanted interim columns.
This will save space in your workbook, which will improve efficiency. Making this change could also make
the formula harder to read. To solve this problem, | am going to introduce you to the concept of variables in
DAX. Let me first explain the variables syntax, and then | will show you how to remove the interim column.

Variables Syntax
Two keywords in DAX allow you to create and refer to variables in your DAX formulas. The first keyword is
VAR (which stands for variable).

Note: In reality, VAR is more like a constant than a variable as its value cannot change during
evaluation.

VAR is always accompanied by a second keyword, RETURN.

Here is the syntax for VAR:

My Column (or Measure) =

VAR FirstVariableName = <valid DAX expression>

VAR SecondVariableName = <another DAX expression>

Return

<another DAX expression that can reference the variables>

The above generic syntax can be a bit confusing, so the image below shows a real example using the formula
from above.
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Age Group =
Age =

- Customers[BirthDate]

AgeBands[Band] ,
AgeBands, Age »= AgeBands[Low] &8 Age < AgeBands[High]

Note how lines 2 and 3 in the formula above set the value of the variable Age to be the value that was pre-
viously stored in the original Age calculated column from earlier in this chapter. Once the variable has been
set, it is referred to again (twice) in line 7.

A variable can refer to another variable, as shown in line 4 below.

Age Group =
AgelnDays =
LN | : - Customers[BirthDate] |,
Age = AgelnDays /

AgeBands[Band] |,
AgeBands, Age »>= AgeBands[Low] && Age < AgeBands[High]

A variable can contain a table as well as a value, as shown in row 5 below.

Age Group =
/AR AgeInDays =
OUNDDOWHN . - Customers[BirthDate] |,
Age = AgeInDays / 2
BandsTable =
AgeBands, Age »>= AgeBands[Low] && Age < AgeBands[High]

AgeBands[Band] '/, BandsTable

Variables are set in the initial filter and row context. It doesn’t matter if the filter and/or row context changes
after the RETURN keyword; the variables have already been assigned, and hence they will not change as a
result of any changing filter or row context.

Now that you know how the VAR syntax works, you are ready to remove the interim calculated column and
move everything into the final banding column.
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Here's How: Deleting Interim Calculated Columns

Follow these steps to combine the interim columns into the final banding calculated column and then delete

the interim column:
1. Navigate to the interim calculated column in the table (Age in this example).

2. Highlight the formula and press Ctrl+C to copy the entire formula from the interim column, as shown

below.
[&ze] fx =HOU‘dDDD'--‘J‘d[{DATE|{ZDEI-3 1,1) - Customers[BirthDate]})/365,0)

GeographyKey ﬂ B cirthDate K8 EE Ml Age Group |
24| 20 to less than 30

348 Gabrielle Butler 16/02/1978 ... I

Navigate to the final banding calculated column (Age Group in this example). You can enlarge the

3.
formula bar by clicking the drop-down arrow in the top right if needed.

=CALCULATE(VALUES(AgeBands[Band]),

FILTER{AgeBands,
Customers[Age] »= AgeBands[Low] &&

Customers[Age] < AgeBands[High]

Hover mouse and then click
and drag down to create a
larger editing window.

ey @ineme B orece Blaze G /]
348 Gabrielle Butler  16/02/1978 ... 25 |20 to less than 30 |
343 Paige Griffin 10/09/1976 ... 26 20to lessthan 30

Create two new blank lines after the = in the formula (by pressing Shift+Enter). At this point in the
process, you should have a few blank spaces in your formula, as shown below.

4.

i

CALCULATE[VALUES(AgeBands[Band]),

FILTER|AgeBands,
Customers[Age] == AgeBands[Low] &&

Customers[Age] < AgeBands[High]

5. Type the keyword VAR and Age (see #1 below), paste the Age column code (#2), and then type the

RETURN keyword (#3) as shown below.
fx |= VAR Age JROUNDDO WN{{DATE(2003,1,1) - Customers|BirthDate])/365, u}l
MHI:‘I’UR‘-H —
CALCULATE(VALUES(AgeBands[Band]), —©)

FILTER{AgeBands,
Customers[Age] »= AgeBands[Low] &&

Customers[Age] < AgeBands[High]

6. Replace the two instances of the original column name Customers [Age] with the reference to
the variable Age, as shown below.
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fx |[= VAR Age = ROUNDDOWN({({DATE(2003,1,1) - Customers[BirthDate])/365,0)
RETURN|
CALCULATE(VALUES{AgeBands[Band]),
FILTER{AgeBands,
ustomers[Age]F= AgeBands[Low] &&
AgeBands[High]

Replace these with
the variable Age

fr|= VAR Age = ROUNDDOWN((DATE(2003,1,1) - Customers[BirthDate])/365,0)
RETURN
CALCULATE(VALUES(AgeBands[Band]),
FILTER{AgeBands,

| Agel>= AgeBands[Low] &&
Agel= AgeBands[High]
)

7. Delete the interim column Customers [Age].

Note: Of course, if you need the interim column in your table, you should keep it. But if you don’t
need it, you should remove it by using the process shown above.

Note: For deeper coverage of the use of variables, see my blog: https://exceleratorbi.com.au/
using-variables-dax/.
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18: Concept: KPIs

Power Pivot has a feature called KPIs (key performance indicators). A KPI is basically a visualisation tool that
uses graphical icons to indicate how well a value compares to some target value. You can use KPls to add
interesting visualisations to your pivot tables so the reader can instantly see if things are on track. To see how

it works, let’s look at an example.

In the following pivot table, | have created a KPI against the [Margin %] measure. Note that the icons visu-

ally indicate the status.

Row Labels ~ Total Sales Margin % Margin % Status

Bike Racks 539,360 62.6% (]
Bike Stands 539,591 62.6% O
Bottles and Cages 556,798 62.6% (]
Caps $19,688 23.0% (%)
Cleaners 47,219 62.6% O
Fenders 546,620 62.6% (v
Gloves 435,021 62.6% O
Helmets $225,336 62.6% (v
Hydration Packs £40,308 62.6% O
Jerseys $172,951 23.0% (%)
Mountain Bikes 59,952,760 45.4% a
Road Bikes $14,520,584 38.1% (%)
Shorts 471,320 62.6% O
Socks 55,106 62.6% (v
Tires and Tubes 245,529 62.6% O
Touring Bikes 43,844,801 37.8% (%)
Vests 435,687 62.6% O
. Key Performance Indicater (KP1) ? =
KP base field (value): | Margin % v
KP Saatus

Define target value:

() Measure:

(®) Absolute value: |0.45

Define status thresholds:

o
Tan;get

Salect icon style

® ) & 4 O
@] e
L o a & D
# Descriptions

0K Cancel
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Here's How: Creating a KPI

Follow these steps to create a KPI:

1. Setupanew pivot table with Products [SubCategory] on Rows and thenadd [Total Sales]
and [Margin %] on Values.

2. Clickinside the pivot table, navigate to the Power Pivot tab, and select KPIs (see #1 below), New KPI
(#2).

H ©- x & [ -

Horne Insert Page Layout Formulas Data C
1)
B g B8 | o

Manage  Measures KPls Addto  Update Detect Settings
- @ Data Model  All

Data Model Calcula |==| Mew KPI... @) Relationships

B3 = E‘ Manage KPls...

Select Margin % from the KPI Base Field (Value) drop-down (see #1 below).

Ky Performance Indicator (KPI) 7 by
!
KPI base field (valus); | Margin % gf |
KPl Status
Defire target valus:
() Measure: a}
® Absolute value: [45 | Use Sliders to | ]
Detre s eshols: (@) change the values
o J 7 ]
Tarlgei
| )
. o
Select icon style: @)
® [ Qo ] 4 O
| o ce
® | [ I a i 4 )
# Descriptions
0K Cancel

3. Inthe section Define Target Value, where you have two choices, select Absolute Value and set it to
.45 (see #2 above). (Note that 45% is actually 0.45; if you type 45 instead of .45, it won’t work.)
Under Define Status Thresholds (#3), set the lower slider to 0.4 and the upper slider to 0.45.

5. Select anicon set (#4) that works in black and white. At this point, you come across a bug (as of this
writing in both Excel 2013 and Excel 2016). When you finish writing this KPI, the pivot table looks as
shown below.

Note: Best practice with visualisations like this is to use an icon set that makes sense in colour as
well as black and white (so it can be understood by people who are colour-blind or for black-and-
white printed copies of the report).
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Row Labels - Total Sales Margin % Margin % Status

Bike Racks $39,360  62.6% 1
Bike Stands 539,591 62.6% 1
Bottles and Cages 556,798 62.6% 1
Caps 519,688 23.0% -1
Cleaners 57,219 62.6% 1
Fenders 546,620 62.6% 1
Gloves 535,021 62.6% 1
Helmets 5225,336 62.6% 1
Hydration Packs 540,308 62.6% 1
lerseys 5172,951 23.0% -1
Mountain Bikes 59,952,760 45.4% 1
Road Bikes 514,520,584 38.1% -1
Shorts $71,320  62.6%

Socks 55,106 62.6%

Tires and Tubes 5245,529 62.6% 1
Touring Bikes 53,844,801 37.8% -1
Vests $35,687  62.6% 1

6. To make the KPI display correctly, you need to remove [Margin % Status] from the pivot table
and then put it back in again in order to see the icons.

Row Labels - | Total Sales Margin % Margin % Status

Bike Racks $39,360  62.6% O
Bike Stands 439591  §2.6% O
Bottles and Cages 556,798 62.6% O
Caps 419,638  23.0% o
Cleaners $7,219  62.6% O
Fenders 816,620  62.6% O
Gloves §35,021  62.6% O
Helmets §225,336  62.6% O
Hydration Packs 540,308  62.6% O
Jerseys $172,951  23.0% o
Mountain Bikes 59,952,760 45.4% ﬂ
Road Bikes $14,520,584  38.1% (%]
Shorts $71,320  62.6% O
Socks $5,106  62.6% O
Tires and Tubes $245,529  62.6% O
Touring Bikes $3,844,801  37.8% o
Vests 435,687  62.6% O

This problem does not exist in Excel 2010, where you see the icon set you selected.
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19: Concept: Multiple Data Tables

So far in this book, we have used only a single data table, the Sales table. It is quite likely that you will want
or need to use multiple data tables in your data models. When you bring a second data table into Power
Pivot, it is common for people to think that they should join the new data table to the original data table,
but that is not the case. The correct way to join a second data table to a data model is to treat the new data
table exactly the same as the first data table.

To help you understand how to do this, the following “Here’s How” looks at a common business scenario in
which a business wants to load a budget table as well as a sales table. One of the challenges of this scenario
is that the budget is often at a different level of granularity than actual sales. For example, sales may be
captured and reported every day for every individual product, but budgets may be set only for each month
and for each product category.

Here's How: Adding a Budget Table

The following steps walk you through the process of importing a Budget table, creating a new BudgetPe-
riodtable, and then creating a measure for the budget:

1. To bring in the budget data and a new BudgetPeriod table, in the Power Pivot window, select
Home, Existing Connections.

Home Design Advanced
Paste Append |:b« D D
ool ol
&- e

Paste Replace
Paste From From Data From Othe Existing
Copy Database ~ Service~  Sources | Connections

Clipboard Get External Data
[OrderDatekey] - Ix

2. Select the Access database you have been using (see #1 below) and then click Open (#2).

Existing Connections ? *

Select an Existing Connection
Select a connection to a data source that contains the data that you want to import.

Select a data source connection:

E Access AdventureWorks_Leamn To Wiite DAX
—i— Data Source = C:\Users\Matt\LearnToWriteDAX 2nd Edition\Adventureworks_Learn_To_W

No connechons found

- Access AdventureWorks_Leam To Wnte DAX
l * \Workbook: Book1

Browse for More... '@Dpen Edit Refresh Delete

Cloze

3. Select the first option, Select from a List of Tables, and click Next.
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4. Select the Budget table, the BudgetPeriod table, and the dimProductCategory table. Re-
name the dimProductCategory table ProductCategory, as shown below, and click the Pre-
view & Filter button.

Table Import Wizard ? et

Select Tables and Views
Select the tables and views that you want to import data from.

D So C:\Users\MattiLearn TolWnteDAX 2nd
ata Source: Edition'Adventure\Wworks_Learn_To_Write_DAX accdb

Tables and Views:

] Source Table Friendhy Mame Filter Dietails "
F1 | Budget Budget
1 | BudgetPeriod Budget Period

1/ | dmCalendar

]| | dimCustomers

] E | dimProduct

& | |antosecas  [EETT—
(] 7 | dimProductSubCategory

L1 |E | dimTenitories

5. Deselectall the columns (see #1 below) and then just select the EnglishProductCategoryName
column (#2) and click OK.

Tabde Import Wizard ? o
FWT.:::‘]'\-: l:l-tckb.:;.a:d:::dnc'.sp-ocﬁc columrs. To filler the data in & column, us 2 The_n CIICH here tﬂ
SR select just this column

Table Hewe:  dimProductCalegony

B FroductCategor..  [Bl|l ProductCategoryaltemat..

- EnglishProductCategoryM... =

Bicicleta
Componente
Prenda
ACCBLonio

FERETTIRE S

1. Click here to
deselect all columns

L4 >

Clear Faow Filters Cancel

6. Click OK and then click Finish to complete the import.
Click Close.
To tidy things up a bit, go to the ProductCategory table, double-click the column heading En-
glishProductCategoryName, and rename it Category. Then take some time to look at the
data in these three tables:

¢ Budget table—The Budget table has a monthly sales budget for each category. The Period column
is in the format YYYYMM for year and month, as shown below.
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ﬂ category &3 Eudget ‘

Accessories 200307
A Accessories 53000 200308
£l Accessories 56000 200209
C 3 Accessories 56000 200310

e BudgetPeriod table—The BudgetPeriod table is a type of calendar table and is different to what
you have used so far. Like the Budget table, it contains a Period column in the format YYYYMM,
as shown below.

ﬂ B3| MonthName B3| Month Number

1 3 July 200307
2 2003 August 8 200308
3 2003 September 9 200309
4 2003 Cctober 10 200310
5 2003 Movember 11 200311
B 2003 December 12 200312
7 2004 January 1 200401

¢ ProductCategory table—The ProductCategory table has a list of the four possible product cate-
gories, as shown below.

d| category B\ Add Column |
il Bikes

P8 Components

=l Clothing

LN Accessories

9. The reason you need all these new tables will make sense shortly.

10. Switch to Diagram view. If necessary, click the Fit to Screen button (as shown below) so that you can
see all the tables on the screen.

Fit to Screen

Button

11. Rearrange your tables as shown below. Place the BudgetPeriod table (see #1 below) above the
Calendar table and place the Budget table (#2) next to the Sales table. Put the ProductCat-
egory table (#3) above the Products table, as shown below.
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[ BudgetPeriod 9) [ Customers ED ProductCategory @ [ Hemisphere
E] calendarYear ] CustomerKey : [ category 1 Group 1
E] MonthName ] GeographyKey 71 Hemisphere
] Month Number ] Name ;

] Period 1 BirthDate 1 Products 7 Territories
1 MaritalStatus £ ProductKey . 1 Territory Key
= calendar 1 =] ProductName 1 Region -
— =] StandardCost E] Country
] Date
— El Color 1 Group
i1l DayNumberOfWeek v
1 —
T DayName 1 1
1 DayNumberOfMo...
1 DayNumberOfYear H
v}
\ FA sales
[ Budget @)

[ ProductKey
] category -

il OrderDate -
FF] Budget R _

il OrderDateKey » £}
F Period _

Ell CustomerKey

[0 SalesTerritoryKey

Note: To see why you need the BudgetPeriodtable, try to join the Budget table to the Calen-
dar table. Click on the Period column in the Budget table and drag and drop it on the Period
column in the Calendar table.

[ calendar
71 calendarYear

™ FiscalQuarter

™ FiscalYear

T FiscalSemester

B3 Peried 5,0

1 1s Waekdnd?

£ sales

£ Budget click and drag

T ProductKey

E] Category| M OrderDate
= Budget

7 Period

[ OrderDateKey

M customerKey

[ salesTerritoryKey
[ salesOrderNumber

When you do this, you get the following error.
Power Pivot for Excel >

The relationship cannot be created because sach column contains duplicate values. Select at least one column that
contains only unique values.

Do you see the issue? The Calendar table is a daily calendar, but the Budget table is a monthly
budget (a very common business scenario). There are between 28 and 31 entries for each month
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in the Period column in the Calendar table. But Power Pivot supports only one-to-many rela-
tionships. The lookup table (Calendar) at the top simply must have a single value for Period if
you are to make the join, so this is not going to work. This is why you need the BudgetPeriod
table. There is only one value for each Period in the BudgetPeriod table, and hence you are

able to join the Budget table to the BudgetPeriod table (see #1 below).

12. Join the Calendar table to the BudgetPeriod table by dragging the Period column from the
Calendar table to the Period column in the BudgetPeriod table (see #2 below).

rl

o)

BudgetPeriod
=1 calendaryear
T sonthMame

T sonth Number
= Period

)

calendar
B calendaryear
[ FiscalQuarter

[ Fiscalvear
[ Fiscalsemester

E peried

13.

14.

[ Budget

£ category
T Budget

T Period

= Customers

[ customerkey
E Geographykey
[ Name

[T BirthDate

[ maritalstatus

[0 sales

ProductKey

OrderDate
oL [ orderDatekey
Customerkey
SalesTerritoryKey

SalesDrderMumber

7 productCategory

M category

= products

1 productkey

E productsubcatego.

B productName
[ standardCost
E] color

1

T Hemisphers

T Hemispherse

[ Territories
£ Territory Key
T megion *
T Country

T Group

Now you need to do the same again and this time join the ProductCategory table to the Budget

table. If you try to join the Budget [Category] column to the Products table, you get the same

error as before.
To join the Budget table to the ProductCategory table, click and drag the column Budget [-

Category] to ProductCategory[Category].
15. To join the Products table to the ProductCategory table, click and drag the column Prod-
ucts[Category] to the ProductCategory [Category] column.

When you are finished, you will have a layout similar to the layout shown below. Notice that it becomes diffi-
cult to keep track of all the relationships when you have lots of tables in your data model. This is one reason
| recommend arranging the tables using the Collie layout methodology, as shown below.
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T BudgetPeriod 9) T Customers ™ ProductCategory
T CalendarYear [ CustomerKey : ) Category
-1 =1 MonthName [ GeographyKey i
™ Month Number [ Mame
T Period [ BirthDate itm
1 MaritalStatus .
1
"ﬂ-; 1 M Products
| [ startDate
£l Calendar @) 25
EndDate
f CalendarYear r -
—1 | Status
(¥ [ Fiscal =
[ FiscalQuartar ;  —
M FiscalYear BT
Catepory
[ FiscalSemester T
1 Period g 1 -1
& T Sales @/}
= Budget @,} M Productiey
M Category . | [ OrderDate
o [ Budget » [l OrderDateKey i -
1 period [ CustomerKey
[ SalesTerritoryKey
M salesOrderMumber

As you can see in the image above, the tables on the “many” side of the relationship should be down below,
and the tables on the “one” side of the relationship should be up high. The filters always flow downhill, and
this layout makes it much easier to understand how the filters flow. So, if you filter on the BudgetPeriod
table (see #1 above), this table directly filters the Budget table (#4) via the direct relationship. In addition,
the BudgetPeriod table (see #1) directly filters the Calendar table (#2), and the Calendar table (#2)
filters the Sales table (#3). So, the net result is that any filter you apply to the BudgetPeriod table (#1)
filters both the Sales table (#3) and the Budget table (#4). The same concept applies with the Product-
Category table.

When working with data tables of differing granularities, as in this case, it is important to use the correct
tables and columns in your pivot table filters. So, when working with both the Sales table and the Budget
table, you must use the columns from the BudgetPeriod table in your pivot tables; columns from the
Calendar table will not work.
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Practice Exercises: Multiple Data Tables

It’s time to get some practice writing new DAX formulas across the two data tables: Budget and Sales. First,
create a new pivot table. Then put ProductCategory [Category] on Rows, BudgetPeriod[Period]
on Rows, and [Total Sales] on Values. Make sure you select the correct columns from the two new tables
(ProductCategory and BudgetPeriod). Your pivot table should look like the one below.

Row Labels - Total Sales
- Accessories $700,760

200307 514,468
200308 552,057
200309 552,150
200310 554,595
200311 554,832
200312 565,608
200401 556,457
200402 556,996
200403 560,098
200404 562,674
200405 $71,880
200406 565,201
200407 533,745
=IBikes $28,318,145
200107 $473,388
200108 $506,192
200109 $473,943

Once your pivot table is set up, click in the pivot table and then write the following new measures. Find the
solutions to these practice exercises in Appendix A.

71. [Total Budget]
72. [Change in Sales vs. Budget]
73. [% Change in Sales vs. Budget]

The image below shows what the pivot table looks like with these formulas and the addition of conditional
formatting.

Change in Sales % Change in
Total Sales Total Budget

Row Labels ~ vs. Budget Sales vs. Budget
-l Accessories $700,760 5730,000 -538,240 -B.2%
200307 514,468 516,000 E,E 32 -9.6%
200308 $52,057 $53,000 [Hoa3 -1.8%
200309 352,150 $56,000 [ s50 -6.9%
200310 $54,595 $56,000 (3§, 205 -2.5%
200311 554,832 554,000 Eaz 1.5%
200312 $65,608 $72,000 1392 -8.9%
200401 $56,457 $61,000 [ 0SSN 543 -7.4%
200402 $56,996 $63,000 ,004 9.5%
200403 560,098 563,000 I:., 902 -4.6%
200404 $62,674 $68,000 1326 -7.8%
200405 571,880 578,000 120 -7.8%
200406 $65,201 $63,000 g 3.5%
200407 433,745 $36,000 388 255 -6.3%
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Here's How: Creating a Budget KPI

Here is how you can use your new Budget table to create a KPI:

1. Click in the pivot table you created for Practice Exercises 71-73 and select Power Pivot, KPI, New
KPI.

2. Select Total Sales for the KPI base field.
3. Select Total Budget in the Define Target Value section as the measure.
4. Adjust the sliders so that they are set to 95% and 100%.
5. Click OK.
Key Performance Indicator (KP1) ? "
KF! base field (value): | Totel Sales v
KP| Status

Define target value:
(®) Measure: | Total Budget v
O Absolute value:

Define status threshalds:

® sl O
- - —-_——— T—S
Tl:gel
T
N N N

Select icon style:

@ [x] a * O
o] ce
@ © @] @ D
A Descriptions
oK Cancel

6. If you are using Excel 2013/Excel 2016, remove this new KPI from your pivot table and then add it
back. Once you have done that, it should look as shown below. The new KPI shows red, yellow, and
green to indicate how close the actual sales were to the budget.

Change in Sales % Change in Total Sales
Total Sales Total Budget

Row Labels ~ vs. Budget  Sales vs. Budget Status

-IAccessories  $700,760  $739,000 -$38,240 -5.2% (%]
200307 $14,468 $16,000 [S#5320 -9.6% ()
200308 552,057 553,000 EI‘,943 -1.8% O
200309 452,150 456,000 350 -6.9% (%]
200310 554,595 556,000 4],405 -2.5% O
200311 454,832 454,000 §g22 1.5% (V]
200312 565,608 $72,000 [ GE 292 -8.9% (%]
200401 $56,457 $61,000 [ H8A543 -7.4% [
200402 456,996 $63,000 [ ESBooa|  9.5% 0
200403 560,098 563,000 [.,902 -4.6% )
200404 $62,674 ¢62,000 [ MR 226 -7.8% (%]
200405 471,880 478,000 120 -7.8% (%]
200406 $65201  $63,000 sagoll 35 0 ©
200407 433,745 436,000 255 -6.3% (%]
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20: Concept: Cube Formulas

This chapter covers one of my favourite topics: cube formulas. Cube formulas have been around for many
years. But before Power Pivot was launched, the only way you could use cube formulas was to connect to
a SQL Server Analysis Services (SSAS) multidimensional cube. Some large companies have SSAS set up, and
some of those companies may connect directly to SSAS from Excel, and some of those that do may have
discovered cube formulas. But given how rare the above scenario is, most people have never come across
cube formulas prior to discovering Power Pivot.

What Is a Cube Formula?

So far in this book, you have always consumed and visualised the information from the data model in a piv-
ot table. Pivot tables are great, and | use them all the time, but they do have some limitations. The biggest
limitation is that you are locked in to the format that the pivot table gives you. But what if you want to put a
single value in a single cell in a workbook? In that case, you could create a pivot table and then point the cell
in question to the pivot table, but that involves a lot of overhead. In addition, if the pivot table changes shape
at any time (e.g., on refresh), then chances are the cell positions will change, and your formula may point to
the wrong cell. The best-case scenario is that you realise there is a problem. The worst-case scenario is that
your formula points to another similar cell in the pivot table, and you don’t even notice!

“What about GETPIVOTDATA () ?” | hear some of you say. Well, yes, you can use GETPIVOTDATA (), but with
it, you still have the overhead of the pivot table, and the bottom line is that cube formulas are much better.
The easiest way to get started with cube formulas is to convert an existing pivot table to cube formulas. The
following pages walk you through how to do that.

Here’'s How: Converting a Pivot Table to Cube Formulas

Follow these steps to convert a pivot table to cube formulas:

1. Create a new blank sheet in your workbook and insert a pivot table like the one shown below, with
'Calendar' [CalendarYear] on Rows, Products[Category] on Columns, and [Total
Sales] on Values. Also, add a slicer for Customers [Occupation]. Click on the slicer and make
sure it works before proceeding.

Occupation ¥= Total Sales  Column Labels | ~
Row Labels - | Accessories Bikes Clothing Grand Total
Clerical 2001 $3,266,374 43,266,374
Management 2002 56,530,344 56,530,344
2003 5293,710 59,359,103 5138,248 59,791,060
DT 2004 $407,050 $9,162,325 $201,525 $9,770,900
Professional Grand Total $700,760 $28,318,145 $339,773 529,358,677
Skilled Manual

2. To convert the pivot table to cube formulas, click inside the pivot table and then select Analyze (see
#1 below), OLAP Tools (#2), Convert to Formulas (#3).
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PrrotTabile Tools &3] =
Power Prvat Analyze Design @ Tell me what you want to d po
% Clear- 7 Fields, ltemns, & Sets - . _ =418 E
[l Select - ) i OLAP Tools » s o= oa=
inge Data = __ DisdClapt Recommended  SEpsld +f= Field
B [£% Move PivotTable | @ 'nvotTables List  Buttons Headers
-] Actions Tools Show

[ Convert to Formulas Q,J

PivotTable Fields ~
Active Al

Chogse fields to add to report:

3. And then BAM! Your pivot table is converted to a stack of standalone formulas that you can move
around as you want on the spreadsheet. What’s more, the slicer still works! Go ahead and drag the
formulas around to a new location in your spreadsheet and then click on the slicer to verify that it

works.
Occupation EE Total Sales Column Labels ~
Row Labels - | Accessories Bikes Clothing Grand Total
[ Clerical l 2001 33,266,374 33,266,374
[ e l 2002 56,530,344 46,530,344
2003 4293 710 49,359,103 $138,248 49,791,060
[ Manual l 2004 $407,050 $9,162,325 $201,525 $9,770,300
[ Professional ] Grand Total $700,760 528,318,145 $339,773 520,358,677
[ Skilled Manual l

Writing Your Own Cube Formulas

There are seven cube formulas in total, and they all start with the word CUBE. You can see the list by typing
=CUBE into a cell in a workbook.

Ecu be |

®

(#) CUBEMEMBER.

(%) CUBEMEMBERPROPERTY
() CUBERANKEDMEMBER
() CUBESET

() CUBESETCOUNT

() CUBEVALUE

This book covers the two most-used formulas, CUBEVALUE () and CUBEMEMBER () . Once you have mastered
these two formulas, you can do some research to learn about the other five.
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CUBEVALUE() vs. CUBEMEMBER()

Go back to the pivot table that you just converted and double-click inside the grand total cell (see #1 below)
so that Excel is in Edit mode. Notice in the formula bar (#2) that this grand total cell is a CUBEVALUE ()
formula, and it points to a number of other cells (#3). The formulas inside each of these other cells are

CUBEMEMBER () formulas.

ThiswerkbookDataMedel”, 5052, 508, 653, 5licer_Octupation ||

[ L &) E F G H K ]
. l—-—ﬂ. -
- Decupation 3= l\'o!al Sales  [Column Labels K E i
3 Row Lebels  Accessories Dikes Clothing lGrand Tuul.l
4 Clerical 2001 53,766,374 53 256,174
Management 22 0,530,394 5,530,394
- 2003 5293,710 59,359,103 5138,248 59,791,060
Manual e & &
2004 X x 407,050 59,162,335 %201,525
B 1 Professional Tﬁr.lml.‘l'n‘..l] | 5700, TR0 528 312,145 2339 TTHSCUREVALUR " ThisWorkbookDatadodel” SC52, 5C8, G353, Slicer Oocupation)
=
4 Ckillesd Mol [Fouble-click iw II|1.~q
th Grand Total cell

CUBEVALUE () is used to extract the value of a measure from the data model, and CUBEMEMRBER () is used
to extract a value from a column in a data/lookup table. When they are used together, CUBEMEMBER () filters
the data model before calculating the CUBEVALUE () expression.

Now that you know about cube formulas, you can build a pivot table that contains the cube formulas you
want in your spreadsheet and then simply select Analyze, OLAP Tools, Convert to Formulas. Once you have
done this, you can copy and paste the resulting formulas wherever you want. But it actually isn’t very hard
to write cube formulas from scratch, so let’s do that together now.

Here's How: Writing CUBEVALUE() from Scratch

The important keyboard keys when writing cube formulas are the double quote, the square brackets, and the
full stop (period in the United States). This information will make sense as you work through these steps. Be
sure to follow these steps exactly:
1. Click in an empty cell in a workbook and type =CUBEVALUE(. Notice the tooltip that pops up. It is
asking for a connection and one or more member expressions. The member expressions can be
either measures or table columns from your data model.

—CUBEVALUE||
CUBEVALUE(connection, [member_sxpressionl], ..)

2. Type “ (a double quote). You are presented with a list of connections available to the workbook.
Normally there is only one for a Power Pivot workbook. In Excel 2013 and Excel 2016 it is called
ThisWorkbookDataModel, and in Excel 2010 it is called PowerPivotData.

=CUBEVALUE["
CUBEVALUE(coppection [men cpresc
[[®] hisworkbookDataModel

g1l ..
Data Model

3. Press the Tab key to select the connection and then type “ again.
Type, (a comma).

5. Type “ (a double quote) again to start the next parameter. This time notice that the tooltip shows a
list of all the tables in the data model (see below). There is also one additional item in the list, [Mea-
sures]. All your DAX formulas are stored in [Measures].
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=CUBEVALUE("ThisWorkbookDataModel","

CUBEVALUE(connection, [member_expression1], [member_sxpression], ..
[ [BudgetPeriod)
[ J [Calendar]

[ [Customers]
[ [Hemisphere]
Increase

[Measures]
' [ProductCategory]
[ [Products]

[ [5ales]

[ [Territories]

Type [ and then M and press Tab to select [Measures].

7. Type. (a period), and you see a list of all the measures that exist in the data model. From here you
can either keep typing [ followed by the name of the measure or use the up and down arrow keys
on the keyboard to navigate to the measure you want to select.

=CUBEVALUE("ThisWorkbookDataModel","[Measures] l

CUBEVALUE(connection, [member_expression1], [member_expression], ...) % Change in Sales vs. Budget
L ﬁ [MEBSUTCS].I'% of Global Sales]
. [Measures].[% of Selected Groups)
| ¢l [Measures).[Change in Sales vs. Budget]
¢ [Measures].[Sum of Period)
| # [Measures].[Total Budget]
;i [Measures].[Total Global Sales]
# [Measures].[Total Sales]
L ;‘ [Measures].[Total Selected Groups]

8. Type [ and then type Total S. This brings the [Total Sales] measure to the top.
9. Press Tab, type “), and press Enter

10. If you have followed these instructions exactly, you end up with a value in a cell, as shown below.
This is your first hand-written cube formula:
= CUBEVALUE ("ThisWorkbookDataModel", " [Measures]. [Total Sales]")

529,358,677

You probably noticed that the value you end up with after writing this cube formula is the grand total for all
the data in the data model. It should therefore be clear that the data model is completely unfiltered. It is
possible to filter this formula just as in a pivot table by adding some CUBEMEMBER () functions to the formula
(sort of like adding a column from a data model to Rows in a pivot).

Note: Before moving on, you should rewrite the formula above a couple of times for practice.
Remember that the most important keys on your keyboard in this process are double quotes,
square brackets, and the period, along with Tab to select the highlighted selection. Practice the
rhythm of writing these formulas using these keys on the keyboard.




20: Concept: Cube Formulas 179
Here’s How: Applying Filters to Cube Formulas

To filter an existing formula, follow these steps:

1. Select one of the formulas you have already written and start to edit it.

Delete the last ) and then type , (a comma). The tooltip asks for member expression2.

Type “[.

Use the down arrow key to select [Calendar]. Then press Tab.

Type . (full stop/period) and use the down arrow to select [CalendarYear]. Then press Tab.
Type . (full stop/period) and notice that the tooltip offers only a single choice, [A11]. Select [A11].
Type . (full stop/period) and notice that the tooltip prompts you for the year. Select [2003].

© NV eE WN

Finish the formula by typing “) and pressing Enter. This is the final formula:
= CUBEVALUE ("ThisWorkbookDataModel", " [Measures] . [Total Sales]", "[Calen-
dar].[CalendarYear]. [2003]")
9. Go back into this formula again and delete the ), add another, (a comma), and then follow the same
process as above to add another cube member, this time for Products[Category] = "Cloth-
ing". This is the formula you need:

= CUBEVALUE ("ThisWorkbookDataModel", " [Measures].|[Total Sales]", "[Calen-
dar].[CalendarYear]. [2003]", "[Products].[Category]. [Clothing]"

)
10. You can add any measure from your data model into your spreadsheet by writing a cube formula like
this. You can further filter the measure in your cube formula by adding additional CUBEMEMBER ()
expressions inside the cube formula you are writing.

Here’s How: Adding a Slicer Without a Pivot Table

Connecting your formulas to slicers is easy. You should have a slicer for Customers [Occupation] on the
worksheet. If you don’t have this slicer, then go ahead and add it now. Here are the steps to add a slicer when
there is no pivot table:

1. Select Insert, Slicer.

Note: In this case, you can’t right-click on a column in the PivotTable Fields list because there is
no pivot table.

2. In the Existing Connections dialog that appears, select the Data Model tab (see #1 below), select
Tables in Workbook Data Model (#2), and click Open (#3).

Existing Connections ? et

Select a Connection or this workbook's Data Model

Connections Data Model g)

3how: | pj| Tables

This Workbook Data Model

Tables in Workbook Data Model
10 Table(s)

g’} Open Cancel



180 Supercharge Excel

3. Find the Customers [Occupation] slicer in the list, select its check box, and click OK. You now
have a slicer on your sheet, but it is not connected to your formula.

Here’'s How: Connecting a Slicer to a Cube Formula

Follow these steps to connect a slicer to a cube formula:

1. Check the unique name for the slicer you just created by right-clicking the slicer and selecting Slicer
Settings.
2. In the Slicer Settings dialog that appears, note and memorise the value that appears in the second

line, Name to Use in Formulas. You will need the name of the slicer in the next step. In my case it is
called Slicer Occupation. Inyour case it may be called something different. Click Cancel.

Slicer Settings ? =

Crrpnatinng

Mame to use in formulas: SIicer_Occupationl

Mame: |[Dccupation 1 |

Header
Display header

Caption: |Occupation

ltem Sorting and Filtering

(® Data source order [] Hide items with no data
() Ascending (& to 7 Visually indicate items with no data
() Descending (Z to A) Show items with no data last

Cancel

3. Go backinto the cube formula you were working on earlier and delete the last ) and add, (a comma)
followed by the slicer name from step 2 and then type ).
4. Your formula should now look something like this (though your slicer may have a slightly different
name):
= CUBEVALUE ("ThisWorkbookDataModel", " [Measures].[Total Sales]", "[Calen-
dar]. [CalendarYear] .&[2003]",
"[Products] . [Category].&[Clothing]", Slicer Occupationl
)

Note: You do not use double quotes around slicer names. This is an unfortunate inconsistency,
but it is just how it works.

5. Now test it out: Click on your slicer and watch your cube formula update. Take a deep breath and be
amazed. How cool are cube formulas?!

Writing CUBEMEMBER() Formulas

In addition to referencing a column name inside a CUBEVALUE () formula, it is possible to write a CUBEMEM-
BER () formula directly in a cell in a workbook. Here is an example of a CUBEMEMBER () formula:

= CUBEMEMBER ("ThisWorkbookDataModel", "[Customers].[Occupation].[All].

[Manual]"

)
You can see a lot more of these formulas if you go back to the original pivot table that you converted and
click in the column and row headings. If you write a CUBEMEMBER () formula as a standalone formula in a
cell, you can reference that cell from within your CUBEVALUE () formula by using cell references. Once again,
you can see this by examining the formula in your converted pivot table.
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21: Moving from Excel to Power BI

(,ul) Power BI

PowerBl.com is a relatively new service from Microsoft. If first became generally available in July 2015, after
the first edition of this book was already completed. As of this writing, the product is almost three years old,
and it has become the leading product in its class (as judged by Gartner). There is no doubt that Excel users
will increasingly want to use PowerBl.com as a tool to share workbooks and leverage the modern visualisa-
tions that are quickly becoming available.

This chapter provides the information you need to get started with Power Bl. The good news is that all the
skills you have learnt in this book are fully transferable to Power BI. Even better, writing DAX will help you get
value from Power BI, and you already have skills in that area.

There are three tools that you need to know about to take advantage of Power Bl: PowerBl.com, Power Bl
Desktop, and Power Bl Mobile.

PowerBI.com

PowerBl.com is Microsoft’s cloud-hosted solution. A free version allows you to upload 1 GB of workbooks
and reports to the cloud and to share reports and dashboards with other people. There are some limitations
to the free version, though, the main one being that you can only share individual reports with single visual-
isations via a dashboard. If you want to have anything more sophisticated, such as multiple visualisations on
the same page that interact together, you need to purchase the subscription service.

At this writing, the PowerBl.com subscription costs US$9.99 per user per month. With this paid service, each
user has access to 10 GB of online storage. At this price, the service is a bargain compared to the alternatives
that exist.

Power BI Desktop

Power Bl Desktop is a free tool that you can download from PowerBl.com and use to author your own data
models and reports locally on your PC. It is an incredible piece of software that offers all the capabilities of
Power Pivot and Power Query (Excel version) as well as all the visualisation capability of PowerBl.com, bun-
dled up in a desktop tool that is completely free to download and use. You can import the data models from
your Excel workbooks and create new reports, or you can create standalone data models and reports from
scratch. When you are done, you can simply keep using the reports natively on your PC, or you can upload
the reports to PowerBl.com and share them with others from there.

Power BI Mobile

Power Bl Mobile, as its name suggests, is a mobile app. It is available for Microsoft tablets and phones, Apple
iPads and iPhones, and Android tablets and phones. The app is native to each individual device, which means
the end user gets the best possible experience when looking at reports published at PowerBl.com. Power B
Mobile is used only to consume reports; at this time, it cannot be used to author reports.

Differences Between Power BI and Excel 2010/2013/2016

There are a couple of important differences between Power Pivot for Excel (2010/2013/2016) and the Power
Bl version of Power Pivot:

e More than 20 new functions further enhance the DAX language. You can find out more about them
by searching the web for “new DAX functions for Power BI.”

e Thereisnolonger a limitation requiring all relationships to be of the type “one to many.” It is possible
to edit relationships and change them to “one to one” or “many to many.”
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e |tis possible to change the cross-filtering behaviour of relationships so that filters propagate from the
“many” side of the relationship to the “one” side of the relationship. Put another way, with Power BI
(and Excel 2016), it is possible to have filters propagate “uphill.”

e Calculated fields have been renamed measures (as in Excel 2010 and 2016). Thankfully, only Excel
2013 used the term calculated fields.

The Power BI Desktop Relationships View

If you know how to use Power Pivot for Excel, using Power Bl will be easy for you. As you can see in the image
below, the Relationships view in Power Bl is very similar to the Diagram view in Power Pivot.

1 Calendar ™ Customers 7 Products E2 Territory

¥ o
&0 CustomerKey Productiey 2 Territory Key

Date 2 GeographyKey [ 3. ProductSubcategory Region
<
= DayNumberOfWeek Name ProductName Country

DayMName ~ BirthDate Y standardCost « [etrattiay

Productkey
OrderDate
¥ OrderDateXey

Customerkey

A few things are worth noting here:

e There is a menu on the left-hand side (see #1 above) that switches between the Report, Data, and
Relationships views.

e The relationship visualisations have been improved. For example, the “one” side of a relationship is
now indicated by a number 1 (#2), and the “many” side is indicated with an * (#3).

e The direction of filter propagation is now indicated with arrows (#4).
e When afilter is configured to work in both directions, there are arrows pointing in both directions (#5).

Here’'s How: Installing Power BI Desktop

To download Power Bl Desktop, follow these steps:
1. Go to http://powerbi.com.

2. Select Products, Power Bl Desktop.
3. Download and install Power Bl Desktop on your PC.

Here’s How: Importing Data to Power BI Desktop

Once you have Power Bl Desktop installed on your PC, you're ready to import data into it. This process is very
similar to importing data into Excel, as you can see in these steps:

1. Open Power Bl Desktop.

2. If the startup page appears, dismiss it by clicking the X in the top-right corner.
3. Select Home, Get Data, More, Access Database.
4

Navigate to the AdventureWorks database you have been using throughout this book and import
the first five items in the Navigator list (shown below).


http://powerbi.com
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Navigator
P Territory

Display Options ~ |.—:’:- Preview downloaded on 09 March 2018

rl AdventureWorks_Learn_To_Write DAX. accdb |... Fetrilony Key Regian Coupixy Gegiup
W [-_r_.] Caliand 1 Northwest United States Morth America
3 2 Northeast United States Marth America
. [—: Customen 3 Central United States Narth America
- [_D Products 4 Southwest United States MNorth America
¥ [ sales 5 Southeast United States Marth America
# Fj Territory 6 Canada Canada Narth america

T Fenmnn Fommmn Fuarmon

Here's How: Creating Relationships

The process of creating relationships in Power Bl is the same as the process of creating relationships in Excel:
1. Switch to the Relationships view by clicking the Relationships icon on the left side of the screen.

2. Move the tables so they are laid out using the Collie layout methodology discussed in Chapter 2.
Notice that two relationships have been automatically created, and they are both set to cross-filter
in both directions. (You know this because of the double arrows pointing up and down.)

[ Calendar ! Customers ™ Products = Territory

© z

2 Ib CustomerKey ProductKey X Territory Key
Date 2 GeographyKey 2. ProductSubcategory Region

%

2. DayNumberOfWeek Name ProductName Country

Dayhams= BirthDate %, StandardCost : Gralin

ProductKey
OrderDate
5. OrderDateKey

CustomerKey

3. Double-click the relationship between the Customers table and the Sales table.
4. Inthe Edit Relationship dialog that appears, select Single from the Cross Filter Direction drop-down,
as shown below.
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X

Edit relationship

Select tables and columns that are related.

Sales b
Productkey OrderDate OrderDateKey Customerkey SalesTerritoryKey SalesOrderMumber Sale
532 @3/06/2004 00:00:00 20040603 13035 9| 5072061
592 03/06/2004 00:00:00 20040603 15684 9| 5072062
465  03/06,/2004 00:00:00 20040603 11965 9| 5072066
< >
Customers -
CustomerKey GeographyKey MName BirthDate MaritalStatus Gender Yearlylncome
13152 348 Gabrielle Butler 16/02/1978 00:00:00 M F 540,000
14095 343 Paige Griffin 10/05/1976 00:00:00 M F 540,000
14349 545 Nicole Griffin 11/05/1975 00:00:00 M F 540,000
L4 >
L  ———
Cardinality LCross filter direction
Many to one (%:1) = §l Single -

¥ Make this relationship active Apply secunty filter in both directions

Ok Cancel

Note: You can change the relationship type (cardinality) and also the cross-filter direction in the
Edit Relationship dialog.

5. Click OK to close the Edit Relationship dialog.
6. Create the relationships between the Sales table and the other two tables as you would do in
Excel.

Here's How: Creating New Measures

The process of creating a new measure in Power Bl Desktop is almost identical to the process of creating
measures in Power Pivot for Excel 2016. You can write measures from either the Report view or the Data
view, just as in Excel. Follow these steps to create a new measure (and notice that it’s the same approach
you have used elsewhere in this book):

1. Navigate to the Report view.

2. On the right side of the screen, go to the Visualizations section (see #1 below) and click the Matrix
icon (#2). Power Bl adds a new matrix visualisation object on the report canvas on the left (#3). (A
matrix is similar to a pivot table.)
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r = . | ] N
©) - Visualizations @
_—
il =
[
e Calendar
. Customers
1 1
f Products
Sales
Territory
L - o

3. Select the matrix on the report canvas (#3 above).
On the right side of the screen, open the Products table (see #1 below) and place a check mark in
Category from the list of columns (#2). Power Bl adds the Products [Category] column to the
matrix (#3), just as would happen in Excel.

Visualizations b Fields

» B8 Calendar
. : » B Customers
F = i |
Category B = @
Accessories @ =
Bikes A @'—'HTEQDW
Clathing Rows W Class

Components

Category 2 | Color
Day=ToManufa...

1 Columns DealerPrice

5. From the Fields list on the right side, right-click the Sales table (see #1 below) to ensure that the
new measure you are about to write is placed in the Sales table and click New Measure (#2).
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Visualizations

B Calendar

- - = ... ] B Customers
Category
F
Accessories Mew measure
Bikes Mew column
Clothing -
e v | Category Quick measures
Components
Refresh data
Edit Q..‘:"r}'
Rename
L - - | ! . Delate

Hide

Wiew hidden
Unhide all
Collapze all

Expand all

CategorylA

6. You can see Measure in the Fields list (see #1 below) and highlighted text Measure =in the formula
bar (#2).

Home View Maodeling Help Format Data / Drill

FIELDS
pic LGOS L ENC
D EE Copy © A =~/ o ad
Paste ) Get Recent  Enter Edit Refresh New  New  AskA
Format Painter  pata~ Sources~ Data  Queries ™ Page ~ Visual Question
Clipboard External data Insert
@ Calendar
X v Measure = I Customers
— &g - Products
Category Sales
Accessories M Customerkey
Bikes W = DiscountAmo...
Clothing W & ExiendedAmo..
Components @ B = Freight

| B & Measure
B OrderDate

7. Overwrite the highlighted text with the measure name and formula and press Enter. (Note that
with Power BI, you need to specify the name of the measure and the formula in the formula bar, as
shown below.)
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al | e Visual tools | Learn to Write DAX - Power Bl Desktop

“ Home WView Modeling Format Drata f Drill

| [ e Ll |
L ]EE Copy L ! k f = | el | | I:,
Paste . Get Recent  Enter Edit Refresh  Solution  Partner Mew  Mew
N Format Painter  pata~ Sources~ Data  Queries™ Templates Showcase Page~ Visual e
Clipboard External data Resources Imsert

|.|.|.|] > W Total Sales = sum(5ales[ExtendedAmount ]

Note: There are some significant improvements in the Power Bl user interface over the Excel in-
terface, including the following:

¢ You do not have to place a colon before the equal sign as you do if you write the formula
in the Power Pivot window in Excel 2013 or Excel 2016.

e You can type the name of a column, and Power Bl automatically prepends the table name
to the front of the column name.

e There is improved IntelliSense, including formula highlighting and bracket matching.

8. After you have finished writing the measure, select the matrix on the canvas and then place a check
mark next to the new measure called [Total Sales] thatappearsinthe Sales table on the right.
Power Bl places the measure into the matrix.

- - | Category (All) | SalesOrderNu...
Category Total Sales ETET = : -
Accessories T00,759.96 Total Sales (All) M > SalesTerritoryKey
Bikes 28,318, 144,55 W - Taximt
Clathing 339.772.61 -
Total 29,358.677.22 B Total Sales

W & TotalProductC..
B = UnitPrice
B - UnitPriceDisco...

= A
9. Select the matrix and then click the Tree Map visualisation in the visualisations list.
10. Open the Products table in the fields list on the right side.
11. Remove the check mark from Category and place a check mark next to SubCategory.
12. On the report canvas, resize the tree map so that it takes up the full screen, as shown below.
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Total Sales by SubCategory
Road Biles

Tournng Bakes

Note: The tree map is one of many new visualisations that are available in Power Bl. The items
in a tree map are sorted from largest to smallest, left to right. The boxes are proportional to the

relative size of each item.

Here’s How: Publish Your Report to PowerBI.com

Follow these steps to publish a report to PowerBl.com:
1. Save the Power Bl workbook. Note that it is saved with a .pbix extension.

2. Click the Publish button in the menu at the top of the page. You need to be logged in to your Power
Bl account to publish a report. The first time you use PowerBl.com, you are prompted to create an

account, as shown below.
*

Power Bl Desktop

Power Bl Desktop and the Power Bl service work seamlessly

when you're signad in.

Sign in

Meed a Power Bl account? Try for free
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3. If you don’t yet have an account, click Need a Power Bl Account? and follow the instructions to
set up the account. If you do have an account, just sign in with your credentials. You get a success
message when the file has been loaded to PowerBl.com. If you already have an account, log in using
your credentials.

Note: At this writing, you cannot create a Power Bl account using a personal email address such
as @gmail.com or @hotmail.com.

4. In a browser, navigate to http://powerbi.com and click the sign-in link in the top-right corner of the
website.

5. Sign in with the same credentials you used in step 2. You can find your data model under Datasets
and the tree map in the Reports section, as shown below.

.
d Farecerbes

= Total Sales by At
@ Recent 3 Total Sales by Sublategory

-

H apps

B g
& Shaced with me

QA Workspaces

Here’'s How: Importing Excel Power Pivot Workbooks to
Power BI Desktop

Itis possible to import a Power Pivot workbook from Excel into Power Bl Desktop, along with all the data con-

nections, relationships, and measures. Unfortunately, any reports you have created in Excel are not migrated
and need to be re-created in Power BI.

Note: It is possible to load an Excel Power Pivot workbook into Microsoft OneDrive for Business,
synchronise the workbook to Power Bl, and display the Excel workbook. You can read about this
at http://xbi.com.au/XLPBI.

Follow these steps to import a Power Pivot workbook from Excel into Power Bl Desktop:
1. In Power Bl Desktop, select File, New.
2. Inthe new blank Power Bl file, click File, Import, Excel Workbook Contents.
3. Navigate to the workbook you have created, click OK, and then select Import.
4

When you get the choice to copy the data from your queries or keep the connection (as shown be-
low), click Keep Connection.


http://powerbi.com
http://xbi.com.au/XLPBI

190 Supercharge Excel

Import Excel Workbook Contents

There are queries and Data Model tables that depend on the
following worksheet tables in the onginal workbook:

- Hemisphere

- Increase

- YearTable

Do you want to copy the data from those tables to your Power Bl
Desktop file or keep a connection to the original Excel workbook for
this data?

Copy Data Keep Connection Cancel

5. The Excel workbook is then imported into Power Bl Desktop. From there you can proceed to use

Power Bl Desktop instead of Excel and build your own visualisations on top of the Power Pivot data
model.

Note: Power Bl Desktop doesn’t include the concept of linked tables. When you import into Pow-
er Bl Desktop an Excel workbook that contains linked tables, you can either bring in the data as
a one-off migration or retain the link to the original linked table in the original Excel workbook.
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22: Next Steps on Your DAX Journey

Okay, so you have almost finished reading all the chapters of this book. Now what? First of all, let me assure
you that this is just the start, not the end, of your journey to learning to write DAX. As | have been saying all
throughout the book, the most important thing is to practice, practice, practice. Start using your new skills at
work and at play so that you build your depth of skill and knowledge. It will take you many months of using
your new skills before you become an expert, but you are well on your way already. Now that you have a
basic understanding of Power Pivot, you can incrementally learn and improve over time. But there are some
things that will help you learn more and faster.

Third-Person Learning

| am a big believer in “third-person learning.” | first heard of this term from Stephen Covey, at one of his
seminars. The basic idea is that you learn more when you learn with the intent to teach others, and you learn
more from the process of teaching others. For this reason, | really believe in the benefits of participating in
user forums. As | mentioned at the start of the book, | have set up a forum at http://powerpivotforum.com.
au, and it is free for anyone and everyone to ask questions and also to help others. If you want to really ce-
ment your new skills and knowledge, then sign up and ask for help, and, more importantly, answer questions
and help others on the forum. When you help others, you cement your knowledge and become better and
stronger with your DAX.

Blogs

There are a number of Power Pivot blogs that | recommend you subscribe to. Reading blogs is a great way to
keep in touch with the latest thinking from people who spend their life working with Power Pivot. Here are
some that | think are especially useful:

e My blog: http://xbi.com.au/blog
* Rob Collie’s blog: http://powerpivotpro.com

e Scott Senkeresty’s blog: http://tinylizard.com

e Marco Russo and Alberto Ferrari’s blog: http://sqlbi.com

Books

There are a few really good DAX books that | recommend (and have mentioned previously). These are my
favourites:

e Rob Collie and Avi Singh’s Power Pivot and Power BI: http://xbi.com.au/DAXFormulas

e Alberto Ferrariand Marco Russo’s Microsoft Excel 2013: Building Data Models with PowerPivot: http://
xbi.com.au/Theltalians or http://xbi.com.au/books

e Other books: | keep a list of books | recommend on my website and update it over time, and you can
always find an updated list at http://xbi.com.au/books

Live Training

Some people learn best in a class environment. If this sounds like you, you can attend a live training event in
a location suitable for you. My company, Excelerator BI, offers live training courses in Australia. For details
about upcoming events, see http://xbi.com.au/training.

For those that can’t attend my training live in Australia, | also have a “semi-live” online training course that
you can read about at http://xbi.com.au/scpbi. With this course, you get online videos and five weekly Q&A
calls with me over five weeks.

Don’t Forget Power Query

Early in this book | recommended that you load your data into Power Pivot using Power Query. Loading well-
shaped tables into Power Pivot is just the tip of the iceberg of what can be done with this great tool. Power
Query is a desktop ETL (extract, transform, and load) tool for Excel users. It allows you to connect to data from


http://powerpivotforum.com.au
http://powerpivotforum.com.au
http://xbi.com.au/blog
http://powerpivotpro.com
http://tinylizard.com
http://sqlbi.com
http://xbi.com.au/DAXFormulas
http://xbi.com.au/TheItalians
http://xbi.com.au/TheItalians
http://xbi.com.au/books
http://xbi.com.au/books
http://xbi.com.au/training
http://xbi.com.au/scpbi
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anywhere, clean up and change the shape of that data, and then load it into your workbooks. Once the data
is loaded with Power Query, you can easily refresh the link at any time and bring in the latest updated data.

Online Training

| have a comprehensive online training course that will teach you how to be a Power Query superhero. Learn
more about it at http://xbi.com.au/pqt.

| often blog about Power Query at http://xbi.com.au/blog, and you can also get great information from these
websites and books:

e Ken Puls’ blog: http://www.excelguru.ca/blog
e Chris Webb’s blog: http://blog.crossjoin.co.uk
e Chris Webb’s book Power Query for Power Bl and Excel: http://xbi.com.au/ChrisWebbBook
e Ken Puls and Miguel Escobar’s book M is for Data Monkey: http://xbi.com.au/DataMonkey

That's All, Folks

| hope you have enjoyed this book and that it has successfully started you on your journey to becoming a
DAX superhero. If you liked this book, please tell your Excel friends and colleagues so they, too, can become
DAX superheros.
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Appendix A: Answers to Practice Exercises

This appendix provides the answers to the practice exercises scattered throughout the book. The answers
are in the same order the exercises appear in the book and are numbered so you can easily match up the
exercises and the answers.

SUM()

These practice exercises appear in Chapter 4. Did you remember to put your measures in the correct table? Did
you put the measure in the table the data comes from? Did you format with an appropriate number format?

1.
Total Sales
= SUM(Sales [ExtendedAmount])
or
Total Sales
= SUM(Sales[SalesAmount])
2I
Total Cost
= SUM(Sales[TotalProductCost])
or
Total Cost
= SUM(Sales[ProductStandardCost])
3.
Total Margin $
= [Total Sales] — [Total Cost]
4I
Total Margin %
= [Total Margin $] / [Total Sales]
or
Total Margin %
= DIVIDE ([Total Margin $] , [Total Sales])
5.
Total Sales Tax Paid
= SUM(Sales[TaxAmt])
6.
Total Sales Including Tax
= [Total Sales] + [Total Sales Tax Paid]
7I
Total Order Quantity
= SUM(Sales[OrderQuantity])
COUNT()
These practice exercises appear in Chapter 4.
8.

Total Number of Products
= COUNT (Products[ProductKey])
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Total Number of Customers
= COUNT (Customers [CustomerKey])

Note: Counting the “key” columns is generally pretty safe because, by definition, each one must
have a value. Technically, you can count any column that has a numeric value in each cell, and
you will get the same answer. Just be careful if you are counting a numeric column that may have
blank values: COUNT () does not count blanks.

COUNTROWS()
These practice exercises appear in Chapter 4.

Note: Remember that COUNTROWS () takes a table, not a column, as input.

10-
Total Number of Products COUNTROWS Version
= COUNTROWS (Products)
11.
Total Number of Customers COUNTROWS Version
= COUNTROWS (Customers)
These practice exercises appear in Chapter 4.
12I
Total Customers in Database DISTINCTCOUNT Version
= DISTINCTCOUNT (Customers [CustomerKey])
13I
Count of Occupation
= DISTINCTCOUNT (Customers [Occupation])
14.
Count of Country
= DISTINCTCOUNT (Territories[Country])
15.

Customers That Have Purchased
= DISTINCTCOUNT (Sales[CustomerKey])

MAX(), MIN(), and AVERAGE()

These practice exercises appear in Chapter 4.

16.
Maximum Tax Paid on a Product
= MAX (Sales[TaxAmt])
17.
Minimum Price Paid for a Product
= MIN (Sales [ExtendedAmount])
18.

Average Price Paid for a Product
= AVERAGE (Sales [ExtendedAmount])
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COUNTBLANK()

These practice exercises appear in Chapter 4.

19.

Customers Without Address Line 2
= COUNTBLANK (Customers[AddressLine2])

20.
Products Without Weight Values
= COUNTBLANK (Products [Weight])
DIVIDE()
These practice exercises appear in Chapter 4.
21-
Margin %
= DIVIDE ([Total Margin $] , [Total Sales] )
22,
Markup %
= DIVIDE ([Total Margin $] , [Total Cost])
23.
Tax %
= DIVIDE (SUM(Sales[TaxAmt]), [Total Sales])
or
Tax %
= DIVIDE ([Total Sales Tax Paid], [Total Sales])
SUMX()
These practice exercises appear in Chapter 7.
24I

Total Sales SUMX Version
= SUMX (Sales, Sales[OrderQuantity] * Sales[UnitPrice])

Note: In this sample database, the order quantity is always 1.

25I
Total Sales Including Tax SUMX Version
= SUMX (Sales, Sales[ExtendedAmount] + Sales[TaxAmt])
26-
Total Sales Including Freight
= SUMX (Sales, Sales|[ExtendedAmount] + Sales|[Freight])
27.
Dealer Margin
= SUMX (Products, Products[ListPrice] - Products[DealerPrice])
These practice exercises appear in Chapter 7.
28I

Average Sell Price per Item
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= AVERAGEX (Sales, Sales[OrderQuantity]
* Sales[UnitPrice])

29.

Average Tax Paid
= AVERAGEX (Sales, Sales[TaxAmt])

Note: Note how the expression can be a single column. It doesn’t have to be an equation using
multiple columns.

30.

Average Safety Stock
= AVERAGEX (Products, Products[SafetyStockLevel])

Calculated Columns
This practice exercise appears in Chapter 8.

31.

= JIF(OR('Calendar' [CalendarQuarter]=1, 'Calendar' [CalendarQuar-—
ter]=2),"H1","H2")

Note: There are a number of ways to write this calculated column. If yours is different but works,
then all is well and good.

CALCULATE() with a Single Table

These practice exercises appear in Chapter 9.

32.
Total Male Customers
= CALCULATE ([Total Number of Customers], Customers|[Gender] = "M")
33.
Total Customers Born Before 1950
= CALCULATE ([Total Number of Customers], Customers[BirthDate]
<DATE (1950,1,1))
34I
Total Customers Born in January
= CALCULATE ([Total Number of Customers], MONTH (Customers[BirthDate])=1)
35.

Customers Earning at Least $100,000 per Year
= CALCULATE ([Total Number of Customers], Customers[YearlyIn-
come]>=100000)

CALCULATE() with Multiple Tables

These practice exercises appear in Chapter 9.

36.

Total Sales of Clothing
= CALCULATE ([Total Sales], Products|[Category]="Clothing")

37.

Sales to Female Customers
= CALCULATE ([Total Sales], Customers[Gender]="F")
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38.
Sales of Bikes to Married Men
= CALCULATE ([Total Sales],
Customers[MaritalStatus]="M",
Customers [Gender]="M",
Products[Category]="Bikes"
)
These practice exercises appear in Chapter 12.
39.
Number of Color Variants
= COUNTROWS (VALUES (Products [Color]))
40-
Number of Sub Categories
= COUNTROWS (VALUES (Products [SubCategory]))
41.
Number of Size Ranges
= COUNTROWS (VALUES (Products [SizeRange]))
42I
Product Category (Values)
= IF (HASONEVALUE (Products[Category]), VALUES (Products[Category])
)
43.
Product Subcategory (Values)
= IF(
HASONEVALUE (Products [SubCategory]),
VALUES (Products[SubCategory])
)
a4.
Product Color (Values)
= IF (HASONEVALUE (Products[color]), VALUES (Products[color])
)
45.
Product Subcategory (Values) edited
= IF(
HASONEVALUE (Products [SubCategory]),
VALUES (Products[SubCategory]),
"More than 1 Sub Category"
)
46.

Product Color (Values) edited
= TF(
HASONEVALUE (Products|[color]),
VALUES (Products[color]),
"More than 1 Color"
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ALL(), ALLEXCEPT(), and ALLSELECTED()

These practice exercises appear in Chapter 13.

47.

Total Sales to All Customers
= CALCULATE ([Total Sales] , All (Customers))

Note: This measure belongs in the Sales table, not the Customers table.

48.
% of All Customer Sales
= DIVIDE ([Total Sales] , [Total Sales to All Customers])
49.
Total Sales to Selected Customers
= CALCULATE ([Total Sales] , ALLSELECTED (Customers))
50.
% of Sales to Selected Customers
= DIVIDE ([Total Sales] , [Total Sales to Selected Customers])
51.

Total Sales for All Days Selected Dates
= CALCULATE ([Total Sales] , ALLSELECTED (Calendar))

Note: Did you know to use ALLSELECTED () and not ALLEXCEPT () ?

52.

% Sales for All Days Selected Dates
= DIVIDE ([Total Sales] ,
[Total Sales for All Days Selected Dates])

This is what your pivot table should look like:

MonthName Y=
[ January “ February H March “ April l
[ May H June H July H August l
[ September “ October H Movember “ December l
Calendarvear = % Total sales for % Sales for All Days
Total Sales All Days e
2001 Row Labels - Selected Dates
[ 2002 ] Sunday $2,321,342  $16,321,404 14.2%
— | Monday $2,279,220  $16,321,404 [N E410%]
Tuesday 52,315,978 516,321,404 14.2%
2004 Wednesday ~ $2,391,460  $16,321,404)  14.7%
Thursday 52,349,082 516,321,404 14.4%
Friday 52,307,355 516,321,404 14.1%
Saturday 52,356,967 516,321,404 14.4%

Grand Total  $16,321,404  $16,321,404 100.0%
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53.

Total Orders All Customers
= CALCULATE ([Total Order Quantity] , ALL(Customers))

54.
Baseline Orders for All Customers with This Occupation
= CALCULATE (
[Total Order Quantity],
ALLEXCEPT (Customers, Customers[Occupation])
)
55.
Baseline % This Occupation of All Customer Orders
= DIVIDE (
[Baseline Orders for All customers with this Occupation],
[Total Orders All Customers]
)
56.
Total Orders Selected Customers
= CALCULATE ([Total Order Quantity] , ALLSELECTED (Customers])
57.
Occupation % of Selected Customers
= DIVIDE ([Total Order Quantity],
[Total Orders Selected Customers]
)
58-
Percentage Point Variation to Baseline
= [Occupation % of Selected Customers] -
[Baseline % this Occupation is of All Customer Orders]
These practice exercises appear in Chapter 14.
59-
Total Sales of Products That Have Some Sales but Less Than $10,000
= CALCULATE ([Total Sales],
FILTER (Products, [Total Sales]
<=10000 && [Total Sales] >0))
60-

Count of Products That Have Some Sales but Less Than $10,000
= CALCULATE (COUNTROWS (Products) ,
FILTER (Products, [Total Sales]
<=10000 && [Total Sales] >0))
Time Intelligence

These practice exercises appear in Chapter 15.

61.

Total Sales Month to Date
= TOTALMTD ([Total Sales], 'Calendar'[Datel])
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62.

Total Sales Quarter to Date
= TOTALQTD ([Total Sales], 'Calendar'[Datel])

Note: Did you set up your pivot table correctly? Something like this would be appropriate for QTD:

CalendarYear 2003 .

Row Labels - |Total Sales Total Sales QTD

January $433,865 | | $438,865
February s439,000 L | 5927956
March $485,575 [ 191,413,530
April $506,399 || $506,399
May $562,773 | $1,089,172
June $554,799 [ 81,623,971
July $886,669 | |  $386,669
August 347,414 I 1,734,082
September  $1,010,258 B 2,74k 340
October $1,080,450 [ | $1,080,450

November  $1,196,981 [ $2,277.431
December 41,731,738

Grand Total $9,791,060 54,009,218

Note: Conditional formatting is good because it gives immediate feedback about whether things
are working as expected.

63.
Total Sales FYTD 30 June
= TOTALYTD([Total Sales], 'Calendar'[Date],"30/6")
64.
Total Sales FYTD 31 March
= TOTALYTD([Total Sales], 'Calendar' [Date],"31/3")
65.
Total Sales Previous Month
= CALCULATE ([Total Sales], PREVIOUSMONTH ('Calendar' [Date])
)
66.
Total Sales Previous Day
= CALCULATE ([Total Sales], PREVIOUSDAY ('Calendar'[Datel])
)
67.
Total Sales Previous Quarter
= CALCULATE ([Total Sales], PREVIOUSQUARTER ('Calendar'[Date])
)
68.

Total Sales Moving Annual Total
= CALCULATE ([Total Sales],
FILTER (ALL ('Calendar'),
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'Calendar' [ID] > MAX('Calendar'[ID]) - 365 &&
'Calendar' [ID] <= MAX('Calendar'[ID])

69.

Total Sales Rolling 90 Days
= IF(MAX('Calendar'[ID])>=90,
CALCULATE ( [Total Sales],
FILTER (ALL('Calendar'),
'Calendar'[ID] > MAX('Calendar'[ID]) - 90 &&
'Calendar' [ID] <= MAX('Calendar'[ID])
)

)
Harvester Measures

This practice exercise appears in Chapter 17.

70.

Total Customers Born Before Selected Year
= CALCULATE (
[Total Number of Customers],
FILTER (
Customers,
Customers[BirthDate] < DATE ([Selected Year], 1, 1)

)
Multiple Data Tables

These practice exercises appear in Chapter 19.

71.

Total Budget = SUM(Budget [Budget])
This measure should be placed in the Budget table.

72.
Change in Sales vs. Budget
= [Total Sales] - [Total Budget]

This measure could be placed in either the Sales table or the Budget table. | normally place itin the Sales
table because the name of the measure is [Change in Sales vs. Budget].

73.

% Change in Sales vs. Budget
= DIVIDE ([Change in Sales wvs. Budget] , [Total Budget])

Also place this measure in the Sales table.
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