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Introduction

xam DA-100: Analyzing Data with Microsoft Power BI, focuses on using Microsoft Power Bl

for data analysis. About one-fourth of the exam covers data preparation, which includes
getting data from different data sources, and profiling, cleaning, transforming, and loading
the data. Approximately 30 percent of the questions are related to data modeling: design-
ing, developing, and optimizing a data model. AlImost one-third of the book covers the skills
necessary to visualize and analyze data, such as creating reports and dashboards, as well as
performing advanced analysis. The remainder of the book discusses how to manage datasets
and workspaces in the Power Bl service.

The DA-100 exam is intended for business intelligence professionals, data analysts, and
report creators who are seeking to validate their skills and knowledge in analyzing data with
Power Bl. Candidates should be familiar with how to get, model, and visualize data in Power Bl
Desktop, as well as share reports with other people.

This book covers every major topic area found on the exam, but it does not cover every
exam question. Only the Microsoft exam team has access to the exam questions, and Microsoft
regularly adds new questions to the exam, making it impossible to cover specific questions.
You should consider this book a supplement to your relevant real-world experience and other
study materials. If you encounter a topic in this book that you do not feel completely comfort-
able with, use the "Need more review?" links you'll find in the text to find more information
and take the time to research and study the topic. Great information is available on MSDN, on
TechNet, and in blogs and forums.

Organization of this book

This book is organized by the “Skills measured” list published for the exam. The “Skills mea-
sured” list is available for each exam on the Microsoft Learn website: http://aka.ms/examlist.
Each chapter in this book corresponds to a major topic area in the list, and the technical tasks
in each topic area determine a chapter’s organization. If an exam covers six major topic areas,
for example, the book will contain six chapters.

Preparing for the exam

Microsoft certification exams are a great way to build your résumé and let the world know
about your level of expertise. Certification exams validate your on-the-job experience and
product knowledge. Although there is no substitute for on-the-job experience, preparation


http://aka.ms/examlist

through study and hands-on practice can help you prepare for the exam. This book is not
designed to teach you new skills.

We recommend that you augment your exam preparation plan by using a combination of
available study materials and courses. For example, you might use the Exam Ref and another
study guide for your “at home" preparation and take a Microsoft Official Curriculum course for
the classroom experience. Choose the combination that you think works best for you. Learn
more about available classroom training and find free online courses and live events at
http://microsoft.com/learn. Microsoft Official Practice Tests are available for many exams
at http://aka.ms/practicetests.

Note that this Exam Ref is based on publicly available information about the exam and the
author’s experience. To safeguard the integrity of the exam, authors do not have access to the
live exam.

Microsoft certifications

Microsoft certifications distinguish you by proving your command of a broad set of skills and
experience with current Microsoft products and technologies. The exams and corresponding
certifications are developed to validate your mastery of critical competencies as you design
and develop, or implement and support, solutions with Microsoft products and technologies
both on-premises and in the cloud. Certification brings a variety of benefits to the individual
and to employers and organizations.

MORE INFO ALL MICROSOFT CERTIFICATIONS

For information about Microsoft certifications, including a full list of available certifications,
go to www.microsoft.com/learn.

Check back often to see what is new!

Companion files

Most of the chapters in this book include exercises that let you interactively try out new mate-
rial learned in the main text. All files can be downloaded from the following page:

MicrosoftPressStore.com/ExamRefDAT00PowerBl/downloads
There are two kinds of files:
1. Source files, required to work in Power Query Editor:

m The Targets folder
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m [nventory.xlsx
= WideWorldimporters.xlsx
2. The Power Bl files folder, containing completed PBIX files.

All exercises assume you extracted the companion files to the C:\DA-100 folder.

Quick access to online references

Throughout this book are addresses to webpages that the author has recommended you visit
for more information. Some of these links can be very long and painstaking to type, so we've
shortened them for you to make them easier to visit. We've also compiled them into a single
list that readers of the print edition can refer to while they read.

Download the list at MicrosoftPressStore.com/ExamRefDAT100PowerBl/downloads.

The URLs are organized by chapter and heading. Every time you come across a URL in the
book, find the hyperlink in the list to go directly to the webpage.

Errata, updates, & book support

We've made every effort to ensure the accuracy of this book and its companion content. You
can access updates to this book—in the form of a list of submitted errata and their related
corrections—at:

MicrosoftPressStore.com/ExamRefDAT00PowerBi/errata
If you discover an error that is not already listed, please submit it to us at the same page.

For additional book support and information, please visit
www.MicrosoftPressStore.com/Support.

Please note that product support for Microsoft software and hardware is not offered
through the previous addresses. For help with Microsoft software or hardware, go to
http://support.microsoft.com.

Stay in touch

Let's keep the conversation going! We're on Twitter: http.//twitter.com/MicrosoftPress.
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Model the data

In the previous chapter, we reviewed the skills necessary to get and transform data by using
Power Query Editor—the process also known as data shaping. In this chapter, we explore the
skills needed to model data.

Power Bl allows you to analyze your data to some degree right after you load it, but a
strong understanding of data modeling helps you perform sophisticated analysis using rich
data modeling capabilities, which includes creating relationships, hierarchies, and various cal-
culations to bring out the true power of Power Bl. In Chapter 1, “Prepare the data,” in Power
Query Editor we used the M language; once we loaded the data into the model, we used data
analysis expressions, more commonly referred to as DAX, Power Bl's native query language.

In this chapter, we discuss the skills necessary to design, develop, and optimize data mod-
els. Additionally, we look at DAX and how you can use it to enhance data models.

Skills covered in this chapter:
m 2.1 Design a data model
m 2.2: Develop a data model
m 2.3: Create measures by using DAX

m 2.4: Optimize model performance

Skill 2.1: Design a data model

A proper data model is the foundation of meaningful analysis. A Power Bl data model is a
collection of one or more tables and, optionally, relationships. A well-designed data model
enables business users to understand and explore their data and derive insights from it.
Before you create any visuals, you should complete this step by loading your data and defin-
ing the relationships between tables. Data modeling often occurs at the beginning phase of
building a Power Bl report to be able to create efficient measures that build upon your data
model. In this section, we design a data model by focusing our attention on tables and their
relationships.
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This skill covers how to:

m Define the tables

m Configure table and column properties

m Define quick measures

m Flatten out a parent-child hierarchy

m Define role-playing dimensions

m Define a relationship’s cardinality and cross-filter direction
m Design the data model to meet performance requirements
m Resolve many-to-many relationships

m Create a common date table

m Define the appropriate level of data granularity

Define the tables

Once a query is loaded, it becomes a table in a Power Bl data model. Tables can then be
organized into different data model types, also known as schemas. Here are the three most
common schemas in Power BI:

m Flat (fully denormalized) schema
m Star schema
m Snowflake schema

There are other types of data models, though these three are the most common ones.

Flat schema

In the flat type of data model, all attributes are fully denormalized into a single table. Because
there's only one table, there are no relationships, and in most cases there's no need for keys.

In our Wide World Importers example, you have a single table that contains all columns
from all tables, meaning that the Sale and Targets columns will be in the same table. Because
the tables have different data granularity, you run into problems when comparing actuals and
targets.

NOTE DATA GRANULARITY

We review the concept of data granularity later in this skill section.

Model the data



From the performance point of view, flat schemas are very efficient, though there are

downsides:

m Asingle table can be cumbersome and confusing to navigate.

m  Columns and data can often be duplicated, leading to a comparatively large file size.

m  Mixing facts of different grains results in more complex DAX formulas.

Flat schemas are often used when connecting to a single, simple source. However, for more
complex data models, flat schemas should be avoided in Power Bl as much as possible.

Star schema

When you use a star schema, tables are conceptually classified into two kinds:

m Facttables These tables contain the metrics you want to aggregate. Fact tables have
foreign keys, which are required to create relationships with dimensions, and columns
that you can aggregate. In the Wide World Importers example, the Sale and Targets
tables are fact tables. Fact tables are sometimes also known as data tables.

= Dimension tables These tables contain the descriptive attributes that help you slice
and dice your fact tables. A dimension table has a unique identifier—a key column—
and descriptive columns. In the Wide World Importers example, City, Customer, Date,
Employee, and Stock Item are dimension tables. Dimension tables are also sometimes

known as lookup tables.

In a star schema, fact tables are surrounded by dimensions, as shown in Figure 2-1.

| T Date
71 Date
=1 150 Week Number

™1 Month

sl = Month Number

- Quarter
Bill To Customer

- 1l Year
Buying Group

T Category

-1l Postal Code
1 Primary Contact | " Sale
I3 City Key
T Customer Key
i very Date Key
1 Invoice Date Key
— ™1 Profit
—_ aaw " e
Employee 1 Quantity
7 Email T Sals Key
=1 Employes : 71 Salesperson Key
71 Employes Key T stock item Key
™1 Parent Employee Key T3 Tax Amount
71 Title 71 Tax Rate

i 1 1 ] Location
Customer

L Sales Territory
Customer Key ~

=ty
= City

City Key

State Province

. Stock Item

™ Brand

i 71 Buying Package
M Color
1 5 Chiller Stock

1 Selling Package

1 size

1 Stock item

1 stock item Key
1 Unit Price

FIGURE 2-1 Star schema with Sale as the only fact table
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The star schema has its name because it resembles a star, where the fact table is in the cen-
ter and dimension tables are the star points. It's possible to have more than one fact table in a
star schema, and it will still be a star schema.

NOTE RELATIONSHIPS

The lines that connect tables in Figure 2-1 represent relationships. We cover the relationships

in more detail later in this section.

In most cases, the star schema is the preferred data modeling approach in Power BI. It
addresses the shortcomings of the flat schema:

Fields are logically grouped, making the model easier to understand.
There is less duplication of data, which results in more efficient storage.

You don't need to write overly complex DAX formulas to work with fact tables that have

a different grain.

Snowflake schema
The snowflake schema is similar to the star schema, except it can have some dimensions that
“snowflake” from other dimensions. You can see an example in Figure 2-2.

Date

Date

S0 Week Numbar
Month

M T State Province

Customer a
Quarter

City

Stock Item

Stock ltem Key

It Price

FIGURE 2-2 Snowflake schema with State Province snowflaking from the City table
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In the Wide World Importers example, if you loaded the State Province query, the data
model could be a snowflake schema. This is because the State Province table is related to the
City dimension table, which in turn is related to the Sale fact table.

Snowflake schemas can be beneficial when there are fact tables that have different grains.

NOTE COMPANION FILE

You can see all three schemas in the 2.1.1 Define the tables.pbix file in the companion files
folder.

NEED MORE REVIEW? DIMENSIONAL MODELING

In addition to fact and dimension tables, there are other types of tables such as factless
facts, junk, and degenerate dimensions. For more information, see "Understand star schema
and the importance for Power BI” at https://docs.microsoft.com/en-us/power-bi/guidance/
star-schema.

Configure table and column properties

Both tables and columns have various properties you can configure, and you can do so in the
Model view. To see the properties of a column or a table, select an object, and you see its
properties in the Properties pane.

Table properties
For tables, depending on the storage mode, you can configure the following properties:
m Name Enterthe table name.

m Description This property allows you to add a description of the table that will be
stored in the model's metadata. It can be useful when you're building reports because
you can see the description when you hover over the table in the Fields pane.

m Synonyms These are useful for the Q&A feature of Power BI, which we review in the
next skill section. You can add synonyms so that the Q&A feature can understand that
you're referring to a specific table even if you provide a different name for it.

m Row label This property is useful for both Q&A and featured tables, and it allows you
to select a column whose values will serve as labels for each row. For example, if you
ask Q&A to show “sales amount by product,” and you select the Product Name column
as the Row label of the Product table, then Q&A will show the sales amount for each
product name.

m Key column [f your table has a column that has unique values for every row, you can
set the column as the key column.

Skill 2.1: Design a data model
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Is hidden You can hide a table so that it disappears from the Fields pane.

Is featured table This property allows you to make a table featured, which will allow it
to be used in Excel in certain scenarios.

Storage mode This property can be set to Import, DirectQuery, or Dual, as we
covered in the previous chapter.

Column properties

For columns, depending on data type, you can configure the following properties:

Name Enter the column name.
Description This property is the same as for tables; you can add a column description.

Synonyms This property is the same as for tables; you can add synonyms to make the
column work better with Q&A.

Display folder You can group columns from the same table into display folders.
Is hidden Hiding a column keeps it in the data model and hides it in the Fields pane.

Data type The available data types are different from those available in Power Query.
For instance, Percentage, Date/Time/Timezone, and Duration are not available.

Format Different data types will show different formatting properties. For example,
for numeric columns you'll see the following additional properties: Percentage format,
Thousands separator, and Decimal places.

Sort by column You can sort one column by another. For example, you can sort
month names by month numbers to make them appear in the correct order.

Data category This property can be useful for some visuals, and the default is Uncat-
egorized. Depending on the data type, you can also select one of the following:

m Address

m City

m Continent

m  Country/Region
= County

m Latitude

m longitude

m Place

m Postal Code

Summarize by This property determines how the column will be aggregated if you
put it into a visual. The options you can choose depend on the data type. For most

data types, in addition to Don't Summarize/None, you can choose Count and Count
(Distinct)/Distinct Count, while for numeric columns, you can also choose Sum, Average,

Model the data



Minimum/Min, and Maximum/Max. Power Bl will try to automatically determine the
appropriate summarization, but it's not always accurate.

= Is nullable You can disallow null values for a column; if, during data refresh, a column
is determined to get a null value, the refresh will fail.

EXAM TIP

You should know the difference between formatting a column and using the FORMAT func-
tion in DAX; FORMAT can be used to create a new column and always output text, whereas
formatting a column retains the original data type.

NOTE MEASURE PROPERTIES

You can also configure measure properties, many of which are the same as column properties.
Notable exceptions include Sort by column, Summarize by, and Is nhullable—these properties
aren’t available for measures. We review measures in more detail later in this chapter.

Define quick measures

A measure in Power Bl is a dynamic evaluation of a DAX query that will change in response to
interactions with other visuals, enabling quick, meaningful exploration of your data. Creating
efficient measures will be one of the most useful tools you can use to build insightful reports.
If you are new to DAX and writing measures, or you are wanting to perform quick analysis, you
have the option of creating a quick measure. There are several ways to create a quick measure:

m Select Quick measure from the Home ribbon.

m Right-click or select the ellipsis next to a table or column in the Fields pane and select
New quick measure. This method may prefill the quick measure form shown next.

m [fyou already use a field in a visual, select the drop-down arrow next to the field in the
Values section and select New quick measure. This method also may prefill the quick
measure form shown next. If possible, this will add the new quick measure to the exist-
ing visualization. You'll be able to use this measure in other visuals too.

The following calculations are available as quick measures:
m  Aggregate per category

m  Average per category

m Variance per category

m  Max per category

= Min per category

m Weighted average per category

Skill 2.1: Design a data model
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m Filters
m Filtered value
m Difference from filtered value
m Percentage difference from filtered value
m Sales from new customers
m Time intelligence
m Year-to-date total
® Quarter-to-date total
m  Month-to-date total
m Year-over-year change
m  Quarter-over-quarter change
m  Month-over-month change
m Rolling average
m Totals
= Running total
m Total for category (filters applied)
m Total for category (filters not applied)
m Mathematical operations
= Addition
m Subtraction
= Multiplication
= Division
m Percentage difference
m Correlation coefficient
m Text
m Starrating
m Concatenated list of values

Each calculation has its own description and a list of field wells. You can see an example in
Figure 2-3.

Model the data



Quick measures
Calculation Fields
Cormrelation coefficient v | JO Search
Calculate the correlation coefficient between two values
over a category. Originally suggested by Daniil Mashyuk m Oy
in the quick measures gallery, Leam more _
BB Customer
Category © gg Date
B Employee
o) Sale
Measure X © & -
BB Stock ltem
R Table
Measure ¥ © .
BH Tergets
Don't see the calculation you want? Post an idea Cance!

FIGURE 2-3 Quick measures dialog box

NOTE HIDDEN FIELDS

If you have any hidden fields, you won’t see them in the Fields section of the Quick measures
dialog box.

For example, by using quick measures, you can calculate average profit per employee for
Wide World Importers:

1. Select Quick measure on the Home ribbon.

2. From the Calculation drop-down list, select Average per category.

3. Drag the Profit column from the Sale table to the Base value field well.

4. Dragthe Employee column from the Employee table to the Category field well.
5. Select OK.

After you complete these steps, you can find the new measure called Profit average per
Employee in the Fields pane.

Skill 2.1: Design a data model
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NOTE HOME TABLE

Your new quick measure will be created in the last active table. If you're struggling to find the
measure, you can use the search bar in the Fields pane.

To move a measure to a different table, select a measure in the Fields pane and select a new
table from the Home table drop-down list on the Measure tools ribbon.

If you select the new measure, you'll see its DAX formula:

Profit average per Employee =

AVERAGEX (
KEEPFILTERS(VALUES('EmpTloyee' [Employee])),
CALCULATE(SUM('Sale' [Profit]))

You can modify the formula, if needed. Reading the DAX can be a great way to learn how
measures can be written.

NEED MORE REVIEW? QUICK MEASURES

For more information on quick measures, including limitations and considerations, see "Use
quick measures for common calculations” at https://docs.microsoft.com/en-us/power-bi/
transform-model/desktop-quick-measures.

Flatten out a parent-child hierarchy

Parent-child hierarchies are often used for employees, charts of accounts, and organizations.
Instead of being composed of several columns, parent-child hierarchies are defined by two
columns: node key and parent node key. In the Wide World Importers example, you can see a
parent-child hierarchy in the Employee table, shown in Figure 2-4.

Employee Key |~ Parent Employee Key |~ Employee | Title -
(i} Unknown N/
3 4 Hudson Onslow Salesperson
4 19 Isabella Rupp Manager
] 4 Sophia Hinton Salesperson
7 4 Amy Trefl Salesperson
& 12 Anthony Grosse Salesperson
12 19 Henry Forlonge Manager
13 12 Hudson Hollinworth  Salesperson
14 20  Lily Code Salesperson
15 20 Taj Shand Salesperson
15 20 Archer Lamble Salesperson
15 Jai Shand Director
20 1%  Jack Potter Manager

FIGURE 2-4 Employee table
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For our purposes, you can ignore the “Unknown” employee. By observing the Parent
Employee Key values, note the following:

Jai Shand is a director and has no “parent employee.”

Isabella Rupp, Henry Forlonge, and Jack Potter are all managers, and they all report to
Jai Shand, their "parent employee.”

Isabella Rupp, Henry Forlonge, and Jack Potter all act as “parent employees” to various

salespersons.

There are three levels in the hierarchy: director level, manager level, and salesperson

level.

If you were to create additional columns with each column containing a hierarchy level, you
would need to merge the Employee table with itself in Power Query, which would widen the
table and create a more complex query. In Power Bl, you can also solve this problem by using
DAX and calculated columns.

To create a calculated column in a table, right-click the table in the Fields pane and select
New column. In the Wide World Importers example, you can use the following formula to
create a calculated column in the Employee table:

Employee Path = PATH(Employee[Employee Key], Employee[Parent Employee Key])

This adds a new column that has all hierarchy levels listed, and you can see it in Figure 2-5.

Employee Key | ~ | Parent Employee Key |~
o
3 4
4 19
-] 4
7 4
8 12
12 13
13 12
14 20
15 20
16 20
19
20 19

Employee -
Unknown
Hudson Onslow
Isabella Rupp
Sophia Hinton
Amy Trefl
Anthony Grosse
Henry Forlonge
Hudson Hollinworth
Lily Code
Taj Shand
Archer Lamble
Jai Shand

Jack Potter

Title -
N/A
Salesperson
Manager
Salesperson
Salesperson
Salesperson
Manager
Salesperson
5alesperson
Salesperson
Salesperson
Director

Manager

| Employee Path |~

0
15]4|3
15)4
13]4|6
19]4|7
19]12|8
13]12
19]12(13
19]20|14
19]20|15
15]20|16
18

18{20

FIGURE 2-5 Employee Path column

The Employee Path column is only useful for technical purposes, so it can be hidden.

The next step is to add the following three calculated columns to the Employee table:

Director =
LOOKUPVALUE (

Employee[Employee],
Employee[Employee Key],

PATHITEM(Employee[Employee Path], 1, INTEGER)
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D)
Manager =
LOOKUPVALUE (
Employee[Employee],
Employee[Employee Key],
PATHITEM(Employee[Employee Path], 2, INTEGER)
)
Salesperson =
LOOKUPVALUE (
Employee[Employee],
Employee[Employee Key],
PATHITEM(Employee[EmpToyee Path], 3, INTEGER)

All three columns use the PATHITEM function to retrieve the employee key of the specified
level and LOOKUPVALUE to look up the employee name based on their key.

After you add the columns, the table should look like the one in Figure 2-6.

Employee Key | = | Parent Employee Key |~ Employee =| Title ~ | Employee Path |~ | Director ~| Manager |~ Salesperson -
o Unknown N/A (5] Unknown
3 4  Hudson Onslow Salesperson 19]4|3 ai Shand Isabella Rupp ' Hudson Onslow
4 18  |sabella Rupp Manager 194 Jai Shand Isabella Rupp
& 4 | Sophia Hinton Salesperson 15|4|6 lai Shand Isaballa Rupp Sophia Hinton
7 4 Amy Trefl Salesperson 19]4|7 Iai Shand Isabelia Rupp  Amy Trefi
8 12 | Anthony Grosse Salesperson 19]12|8 1ai Shand Henry Forlange Anthony Grosse
12 15 Henry Forlonge Manager 19|12 Ial Shand Henry Forlonge
12 12 Hudson Hollinworth Salesperson 19]12{13 Jai Shand Henry Forlonge  Hudson Hollimworth
14 20 | Uly Code salesperson 19|20|14 Iai Shand lack Potter Lily Code
15 20  Taj Shand Salesperson 19]20(15 Jai shand Jack Potter Taj Shand
16 20  Archer Lamble Salesperson 19]20|16 ial Shand Jack Potter Archer Lamble
13 lai Shand Diractor 13 ai Shand
20 18 Jack Potter Manager 19]20 al Shand Jack Potter

FIGURE 2-6 The Director, Manager, and Salesperson columns in the Employee table

Note that some Manager and Salesperson column values are blank; Jai Shand, for example,
is a director with nobody above him, so both Manager and Salesperson are blank. In the Wide
World Importers example, this is not a big problem because only keys of salespersons are used
in the Sale table. If this is undesirable, you can use the last parameter of LOOKUPVALUE, which
provides the default value, as follows:

Manager =

LOOKUPVALUE (
Employee[Employee],
Employee[Employee Key],
PATHITEM(Employee[Employee Path], 2, INTEGER),
Employee[Director]
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Salesperson =

LOOKUPVALUE (
Employee[Employee],
Employee[Employee Key],
PATHITEM(Employee[Employee Path], 3, INTEGER),
Employee[Manager]

Using the last parameter of LOOKUPVALUE in this case ensures that all columns have values.

NOTE COMPANION FILE

You can see the final columns in the 2.1.4 Flatten PC hierarchy.pbix file in the companion files
folder.

Define role-playing dimensions

In some cases, there may be more than one way to filter a fact table by a dimension. In the
Wide World Importers example, the Sale table has two date columns: Invoice Date Key and

Delivery Date Key, both of which can be related to the Date column from the Date table. There-

fore, it is possible to analyze sales by invoice date or delivery date, depending on the business
requirements. In this situation, the Date dimension is a role-playing dimension.

Although Power Bl allows you to have multiple physical relationships between two tables,
no more than one can be active at a time, and other relationships must be set as inactive.
Active relationships, by default, propagate filters. The choice of which relationship should be
set as active depends on the default way of looking at data by the business.

NEED MORE REVIEW? ACTIVE AND INACTIVE RELATIONSHIPS

For a more thorough explanation of when you would use active or inactive relationships,
see "Active vs inactive relationship guidance” at https://docs.microsoft.com/en-us/power-bi/
guidance/relationships-active-inactive.

To create a relationship between two tables, you can drag a key from one table on top of
the corresponding key from the other table in the Model view.

NOTE AUTOMATIC DETECTION OF RELATIONSHIPS

By default, Power Bl will try to detect relationships between tables automatically after you
load data. In doing so, Power Bl usually relies on identical column names, and the process is
not always perfect. You can turn it off in Options > Current file > Data load if necessary.
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In the Wide World Importers example, you can drag the Date column from the Date table
on top of the Invoice Date Key column in the Sale table. Doing so creates an active relation-
ship, signified by the solid line. Next, you can drag the Date column from the Date table on
top of the Delivery Date Key column from the Sale table. This creates an inactive relationship,
signified by the dashed line. The result should look like Figure 2-7.

- Sale - Date
= City Key [ Date
2 Customer Key 1 150 Week Number
% Delivery Date Key : M Month
" Invoice Date Key -1 7 Month Number
1 Profit 1 Quarter
Quantity £ Year
& Sale Key
& Salesperson Key
= Stock Item Key
Tax Amount
1 Tax Rate

FIGURE 2-7 Relationships between Sale and Date

If you hover over a relationship line in the Model view, it highlights the fields that participate
in the relationship.

NOTE CARDINALITY AND CROSS-FILTER DIRECTION

Note how each relationship line in Figure 2-7 has 1 and * at its ends, as well as an arrowhead in
the middle. This represents the cardinality and cross-filter direction, respectively. We review
these concepts in the next section.

In the Wide World Importers model, you should also create the relationships listed in
Table 2-1.

TABLE 2-1 Additional relationships in Wide World Importers

From: Table (Column) To: Table (Column)

Sale (City Key) City (City Key)

Sale (Customer Key) Customer (Customer Key)
Sale (Salesperson Key) Employee (Employee Key)
Sale (Stock Item Key) Stock Item (Stock Item Key)

Model the data



Inactive relationships can be activated by using the USERELATIONSHIP function in DAX,
which also deactivates the default active relationship, if any. The following is an example of a
measure that uses USERELATIONSHIP:

Revenue by Delivery Date =
CALCULATE(
[Revenue],
USERELATIONSHIP(
'Date' [Date],
Sale[Delivery Date Key]

To use USERELATIONSHIP, you must define a relationship in the model first so that the func-
tion only works for existing relationships. This approach is useful for scenarios such as the Wide
World Importers example, where you have multiple date columns within the same fact table.

NEED MORE REVIEW? CALCULATE AND USERELATIONSHIP

CALCULATE is the most important function in DAX, and we review it in more detail later
in this chapter. It's important to be aware of certain limitations of USERELATIONSHIP. For
more information, see "USERELATIONSHIP” at https.//docs.microsoft.com/en-us/dax/
userelationship-function-dax.

If you have several measures that you want to analyze by using different relationships, this may
result in your data model having many similar measures, cluttering your data model to a degree.

Another drawback of using USERELATIONSHIP is that you cannot analyze data by using two
relationships at the same time. For instance, if you have a single Date table, it won't be possible
to see which sales were invoiced last year and shipped this year.

An alternative to USERELATIONSHIP that addresses these drawbacks is to use separate
dimensions for each role or relationship. In case of Wide World Importers, you would have
Delivery Date and Invoice Date dimensions, which would make it possible to analyze sales by
both delivery and invoice dates.

You have a few ways to create the new dimensions based on the existing Date table, one of
which is to use calculated tables. For the Invoice Date table, the DAX formula would be as follows:

Invoice Date = 'Date’

The benefit of using calculated tables instead of referencing or duplicating queries in Power
Query is that if you have calculated columns in your Date table, they will be copied in a calcu-
lated table, whereas you would have to re-create the same columns if you used Power Query
to create the copies of the dimension.

When you're creating separate dimensions, it's best to rename the columns to make it clear
where fields are coming from. For example, instead of leaving the column called Date, rename
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it to Invoice Date. You can do so by right-clicking a field in the Fields pane and selecting
Rename or by double-clicking a field. Alternatively, you can rename fields by using a more
complex calculated table expression. For example, you could use the SELECTCOLUMNS func-
tion in DAX to rename columns.

NOTE COMPANION FILE

You can see the calculated tables in the 2.1.5 Define role-playing dimensions.pbix file in the

companion files folder.

NOTE CALCULATED TABLES

DAX allows you to create far more sophisticated calculated tables than copies of existing
tables. We review calculated tables in more detail in Skill 2.2: Develop a data model.

Define a relationship’s cardinality and cross-filter direction

In the previous section, you saw how to create relationships between tables. In this section, we
review the concepts of cardinality and cross-filter direction of relationships.

You can edit a relationship by double-clicking it in the Model view. For example, in Figure 2-8
you can see the options for one of the relationships between the Sale and the Date tables.

Edit relationship

Select tables and columns that are related

Sale -
Sale Key City Key Customer Key Stock Item Key Invoice Date Key Delivery Date Key Salesper
6357 ea127 o 203 Friday, 30 June, 2017 Monday, 10 July, 2017
7250 &7746 o 1585 Friday, 7 luly, 2017 Saturday, 8 July, 2017
14030 61710 o 152 Soturday, 15 August, 2017 Monday, 21 August, 2017
£ >
Date
Date Month Month Number Quarter Year 150 Week Number
Friday, 1 july, 2016 luly 7 a3 2016 26
Soturday, 2 July, 2016 July 7 a3 2016 26
Sunday, 3 July, 2016 July 7 Q3 2016 26
Cardinality Cross filter direction
Many to one (*:1) ~  Single *

¥ Make this relationship active

oK | cancel

FIGURE 2-8 Relationship options
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In the relationship options, you can select tables from drop-down lists. For each table, you
get a preview of it, from which you can select a column that will be part of a relationship. Unlike
for the Merge operation in Power Query, only one column from each table can be part of a
relationship.

The Make this relationship active check box determines whether the relationship is active.
Between two tables, there can be no more than one active relationship.

When using DirectQuery, the Assume referential integrity option is available, and it can
improve query performance in certain cases.

NEED MORE REVIEW? ASSUME REFERENTIAL INTEGRITY

There are some requirements that data must meet for the Assume referential integrity option
to work properly. For advanced details on this feature, including the requirements and impli-
cations of not meeting the requirements with this option set, see “Apply the Assume Refer-
ential Integrity setting in Power Bl Desktop” at https://docs.microsoft.com/en-us/power-bi/
connect-data/desktop-assume-referential-integrity.

Two options are worth reviewing in more detail: Cardinality and Cross-filter direction.

Cardinality
Depending on the selected tables and columns, you can select one of the following options:
= Many-to-one
= One-to-one
m One-to-many
m  Many-to-many
Many-to-one and one-to-many are the same kind of relationship, and they only differ in
the order in which the tables are listed. "Many” means that a key may appear more than once
in the selected column, whereas “one” means a key value appears only once in the selected
column. In our Wide World Importers example earlier, the Sale table was on the many side,
whereas the Date table was on the one side; a single date appeared only once in the Date table,
though there could be multiple sales on the same date in the Sale table.
One-to-one is a special kind of relationship in which a key value appears only once on both
sides of the relationship. This type of relationship can be useful for splitting a single dimension
with many columns into separate tables. You should use one-to-one only if you are confident

that no duplicates will appear in this table, since duplicates would cause immediate errors in
your data model.

NEED MORE REVIEW? ONE-TO-ONE RELATIONSHIPS

One-to-one relationships are rarely encountered in real life. For advanced information
on this type of relationships in Power B, see “One-to-one relationship guidance” at
https://docs.microsoft.com/en-us/power-bi/guidance/relationships-one-to-one.
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Many-to-many relationships in this context refer to direct relationship between two tables,
neither of which is guaranteed to have unique keys. We review this type of relationship later in
this chapter.

Cross-filter direction

This option determines the direction in which filters flow. For many-to-one and one-to-many
relationships, you can select Single or Both.

m [f you select Single, then the filters from the table on the “one” side will filter through
to the table on the "many” side. This setting is signified by a single arrowhead on the
relationship line in the Model view.

m [f you select Both, then filters from both tables will flow in both directions, and such
relationships are also known as bidirectional. This setting is signified by two arrowheads
on the relationship line in the Model view, facing in opposite directions. When this
option is selected, you can also select Apply security filter in both directions to make
row-level security filters flow in both directions, too.

To illustrate the concept, consider the data model shown in Figure 2-9.

Stock Item | Date
Brand Date
Sale L -
Buying Package 150 Week Number
Color = City Key 1 Month

Is Chiller Stock SO 1 Month Number
Delivery Date Key Quarter

1 »
Selling Package
She "= Invoice Date Key S
Stk Iiam Profit
Stock ltem - .

Quiantity

A

& Stock Item Key

s ;
Uniit Price Sk

Salesperson Key

A A A

Stock ltem Key

Tax Amount

[ Tax Rate

FIGURE 2-9 Sample data model

From this data model, you can create two table visuals as follows:
m Table 1: Distinct count of Stock Item by Year
m Table 2: Distinct count of Year by Stock Item

Both table visuals are shown in Figure 2-10. The first four rows are shown for Table 2 for
illustrative purposes.

You can see that in Table 1, the numbers are different for different years and the total,
whereas in Table 2, the Distinct Count of Year is showing 6 for all rows, including the total.
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Table 1 Table 2
Year Distinct Count of Stock ltem Stock ltem Distinct Count of Year
2017 219 “The Gu" red shirt XML tag t-shirt (Black) 3XL 6
2018 219 “The Gu" red shirt XML tag t-shirt (Black) 3XS 6
2019 219 “The Gu" red shirt XML tag t-shirt (Black) 4XL 6
2020 227 "The Gu" red shirt XML tag t-shirt (Black) 5XL 6 "
Total 228 Total 6

FIGURE 2-10 Table visuals

The numbers are different in Table 1 because filters from the Date table can reach the Stock
Item table through the Sale table; the Date table filters the Sale table because there is a one-
to-many relationship; then the Sale table filters the Stock Item table because there is a bidirec-
tional relationship. In 2017, 2018, and 2019, Wide World Importers coincidentally sold 219 stock
items, whereas in 2020, they sold 227 stock items. At the total level you see 228, which is not
the total sum of stock items sold across all years.

In Table 2, the numbers are the same because filters from the Stock Item table don't reach
the Date table since there is no bidirectional filter. Even though you only had sales in four years,
you see 6 across all rows, which is the number of years in the Date table.

It's also possible to set the cross-filter direction by using the CROSSFILTER function in DAX,
as you can see in the following example:

Stock Items Sold =
CALCULATE(
DISTINCTCOUNT('Stock Item'[Stock Item]),
CROSSFILTER(
Sale[Stock Item Key],
'Stock Item'[Stock Item Key],
BOTH

The syntax of CROSSFILTER is similar to USERELATIONSHIP—the first two parameters are
related columns. Additionally, there's the third parameter—direction—and it can be one of the
following:

m BOTH This option corresponds to Both in the relationship cross-filter direction
options.

m NONE This option deactivates the relationship, and it corresponds to the cleared
Make this relationship active check box.

m ONEWAY This option corresponds to Single in the relationship cross-filter direction
options.

Bidirectional filters are sometimes used in many-to-many relationships with bridge tables
when direct many-to-many relationships are not desirable.
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NOTE COMPANION FILE

You can see the relationships in the 2.1.6 Define a relationship’s cardinality and cross-filter
direction.pbix file in the companion files folder.

NEED VIORE REVIEW? BIDIRECTIONAL RELATIONSHIPS

For more examples and information on bidirectional relationships, see "Bi-directional
relationship guidance” at https://docs.microsoft.com/en-us/power-bi/guidance/
relationships-bidirectional-filtering.

NEED MIORE REVIEW? RELATIONSHIPS TROUBLESHOOTING

Relationships may not work as expected for numerous reasons. For a comprehensive trouble-
shooting guide, see “Relationship troubleshooting guidance” at https://docs.microsoft.com/
en-us/power-bi/guidance/relationships-troubleshoot.

Design the data model to meet performance requirements

The way you design a Power Bl data model ultimately affects the performance of reports. A
well-designed data model takes into consideration both business requirements and the con-
straints of data sources. Performance tuning is a broad topic; we cover some key concepts you
should keep in mind while designing your data model:

m Storage mode
m  Relationships
m  Aggregations
m  Cardinality

Storage mode

As you saw in the first chapter, Power Bl supports several connectivity modes:
®m [Imported data
m DirectQuery
m Live Connection

Refer to the first chapter for more details.

Relationships

When you're using composite models, it's important to remember that relationships perform
differently depending on the storage mode of the related tables.

You can use the concept of islands as an analogy of where data is queried to understand
how data models work in practice. If you use two DirectQuery data sources, then each of them
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is a separate island. In contrast, all imported data resides in the same island regardless of where
it originally came from, because all imported data is queried from memory. When you connect
to data on the same island, you will have the fastest results since you don't need to “swim” to
another island.

You can see different kinds of relationships ordered from fastest to slowest in the following
list:

= One-to-many intra-island relationships

m Direct many-to-many relationships

®  Many-to-many relationships with bridge tables

m Cross-island relationships

We review many-to-many relationships in detail in the next section.

Aggregations

When using DirectQuery, you can import some summarized data so that the most frequently
queried data resides in memory and is retrieved quickly, whereas detailed data is queried from
the data source. This feature is called aggregations, and we review it later in this chapter.

Cardinality

The term cardinality, in addition to defining relationships, also refers to the number of distinct
values in a column. Power Bl stores imported data in columns, not rows. For this reason, the
cardinality of each column affects performance. In general, the fewer distinct values there are,
the better performance. We review ways to reduce cardinality later in this chapter.

NEED MORE REVIEW? MODEL DESIGN OPTIMIZATION
For further guidance on optimizing the model design, see "Optimize model design” at https://

docs.microsoft.com/en-us/power-bi/guidance/composite-model-guidance#optimize-
model-design.

Resolve many-to-many relationships
Many-to-many relationships occur very frequently in models. In general, many-to-many rela-
tionships happen in two cases:
= Many-to-many relationships between dimensions For example, one client may
have multiple accounts, and an account may belong to different clients.
= Relationships between tables at different granularities For example, you may
have a sales table at the date level and a targets table at the month level. Both tables
could be related to a single date table. In this case, the relationship between the targets
and date tables would be many-to-many since they are of different grain.
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NOTE DATA GRANULARITY

We review the concept of data granularity later in this chapter.

In the Wide World Importers example, a many-to-many relationship exists between the
Date and Stock Item tables; on each date, multiple stock items could be sold, and each stock
item could be sold on multiple dates. In this case, the relationship goes through the Sale table.
Additionally, a many-to-many relationship exists between the Date dimension and the Targets
fact table because the grain of the tables is different.

Power Bl supports many-to-many relationships of two kinds:
m Direct many-to-many relationships

®  Many-to-many relationships through a bridge table

NOTE COMPANION FILES

If you want to follow along with the examples, open the 2.1.8 Resolve many-to-many relation-
ships.pbix file from the companion files folder.

Direct many-to-many relationships

As you saw earlier in this chapter, Power Bl supports the many-to-many cardinality for relation-
ships, allowing you to create a many-to-many relationship between two tables directly.

You will now create a relationship between the Targets table and the Customer table based
on Buying Group, the same way you create other relationship types:

1. Gotothe Model view.

2. Drag the Buying Group column from the Customer table on top of the Buying Group
column from the Targets table.

3. Ensure the Make this relationship active check box is selected.

4. SetCross filter direction to Single (Customer filters Targets). Figure 2-11 shows how
your options should look.

5. Select OK.

You can see asterisks on both sides of the relationship that indicate the many-to-many
relationship.

This method performs well when the number of unique values on each side of a relationship is
fewer than 1,000; otherwise, the method may be slow and creating a bridge table would be a more
efficient solution. The technical details on why this happens are out of the scope of the exam.

Another limitation that this kind of relationships has is that you cannot use the RELATED
function in DAX since neither table is on the "one” side.
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Create relationship

Select tables and columns that are related.

Customer v
Customer Key Customer Bill To Customer Category Buying Group Primary Cont
1 Tailspin Toys (Head Office) Tailspin Toys (Head Office) Novelty Shop Tailspin Toys Waldemar Fis

2 Tailspin Toys (Sylvanite, MT) Tailspin Toys (Head Office) Novelty Shop Tailspin Toys Lorena Cindrit
3 Tailspin Toys (Peeples Valley, AZ) Tailspin Toys (Head Office) Noveity Shop Tailspin Toys Bhaargav Ram

< >
Targets b
End of Month Buying Group Target Excluding Tax
Tuesday, 31 January, 2017 Tailspin Toys 750000
Tuesday, 28 February, 2017 Tallspin Toys 750000
Friday, 31 Morch, 2017 Tailspin Toys 750000
Cardinality Cross filter direction
Many to Many (*:*) ~  Single (Customer filters Targets) >
¥ Make this relationship active Apply security filter in both directions

¥ This relationship has cardinality Many-Many. This should only be used if it is expected that neither column (Buying
Group and Buying Group) contains unique values, and that the significantly different behavior of Many-many

yd. Learn more

hips is

Cancel I

FIGURE 2-11 Relationship options

This creates a relationship, as shown in Figure 2-12.

[ Customer A% sxe
[ Bill To Customer & Buying Group
-
[T Buying Group "2 End of Month
[ Category ‘ [ Target Excluding Tax
[ Customer

R Customer Key
[ Postal Code
[0 Primary Contact

FIGURE 2-12 Relationship between Customer and Targets
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Many-to-many relationships with bridge tables

A different way of creating a many-to-many relationship in Power Bl is to use a bridge table. A
bridge table is a table that allows you to create one-to-many relationships with each table that
is in a many-to-many relationship. Bridge tables can be of two kinds:

= A one-column table with unique values The bridge table is on the one side in each
relationship. This is typical for relating facts or tables that have different grains.

m A two-column table with unique combination of values The bridge table is on
the many side in each relationship. This is common for many-to-many relationships
between dimensions.

In the Wide World Importers example, the Date and Targets tables have different grains:
m Targets has one row per Buying Group and the end-of -month date.
m Date has one row per date.

Note that the Date table does not have a column that contains end-of-month dates. Dates
are a special case, because you can create a one-to-many relationship between Date and Tar-
gets and avoid having a many-to-many relationship.

NOTE DATE GRAIN MISMATCH

When you relate monthly Targets with the Date table, you need to pay attention to what
values you’'ll be showing when you filter the Date table by dates. We address this issue later in
this chapter in the section titled “Define the appropriate level of data granularity.”

To illustrate this in practice, let's create a many-to-many relationship between Date and
Targets based on End of Month date. First, add the End of Month column to the Date table:

1. Launch Power Query Editor by selecting Transform Data on the Home ribbon.
2. Select the Date column in the Date query.
3. Onthe Add column ribbon, select From date & time > Date > Month > End of month.

There are several ways to create a bridge table through Power Query, calculated tables in
DAX, or importing a new table that all achieve the same outcome. For our requirement, let’s
create a bridge table between the Date and Targets table by using Power Query:

1. In Power Query Editor, right-click the Date query and select Reference.

2. Rename the newly created Date (2) query to End of Month.

3. Right-click the End of Month column header and select Remove other columns.
4. Right-click the End of Month column and select Remove duplicates.

5. Onthe Home ribbon, select Close & apply.

You can now relate the Date and Targets tables as shown in Table 2-2.
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TABLE 2-2 Date, End of Month, and Targets relationships

From: Table (Column) To: Table (Column) Active Cross Filter Direction
Date (End of Month) End of Month (End of Month) Yes Both
Targets (End of Month) End of Month (End of Month) Yes Single

You can see the relationships in Figure 2-13.

Date 2t End of Month =ty Targets

Date ! ! End of Month ! _L & Buying Group

End of Month = End of Month

15O Week Number - Target Excluding Tax
Month

Month Number

=1 Quarter

Year

FIGURE 2-13 Date, End of Month, and Targets relationships

NOTE COMPANION FILE

You can see the final result in the 2.1.8 Resolve many-to-many relationships.pbix file in the
companion files folder.

NEED MORE REVIEW? MANY-TO-MANY RELATIONSHIPS

For more examples of many-to-many relationships, see “Many-to-many relationship guid-
ance” at https://docs.microsoft.com/en-us/power-bi/guidance/relationships-many-to-many
and "Apply many-many relationships in Power Bl Desktop” at https://docs.microsoft.com/
en-us/power-bi/transform-model/desktop-many-to-many-relationships.

Create a common date table

By default, Power Bl creates a calendar hierarchy for each date or date/time column from your
data sources.

NEED MORE REVIEW? AUTO DATE/TIME HIERARCHIES

For detailed considerations and limitations of the auto date/time feature, see "Auto date/
time guidance in Power Bl Desktop” at https://docs.microsoft.com/en-us/power-bi/guidance/
auto-date-time.
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Although these can be useful in some cases, it's best practice to create your own date table,
which has several benéefits:

® You can use a calendar other than Gregorian.
®m You can have weeks in the calendar.
m You can filter multiple fact tables by using a single date dimension table.

If you don’t have a date table you can import from a data source, you can create one your-
self. It's possible to create a date table by using Power Query or DAX, and there’s no difference
in performance between the two methods.

Creating a calendar table in Power Query

In Power Query, you can use the M language List.Dates function, which returns a list of dates,
and then convert the list to a table and add columns to it. The following query provides a
sample calendar table that begins on January 1, 2016:

Tet
Source = #date(2016, 1, 1),
Dates = List.Dates(Source, Duration.TotalDays(Date.AddYears(Source, 6) - Source),
#duration(1,0,0,0)),
#"Converted to Table" = Table.FromList(Dates, Splitter.SplitByNothing(),
type table [Date = date]),
#"Inserted Year" = Table.AddColumn(#"Converted to Table", "Year",
each Date.Year([Date]), Int64.Type),
#"Inserted Month Name" = Table.AddColumn(#"Inserted Year", "Month Name",
each Date.MonthName([Date]), type text),
#"Inserted Month" = Table.AddColumn(#"Inserted Month Name", "Month",
each Date.Month([Date]), Int64.Type),
#"Inserted Week of Year" = Table.AddColumn(#"Inserted Month", "Week of Year",
each Date.WeekOfYear([Date]), Int64.Type)
in

#"Inserted Week of Year"

If you want to add the calendar table to your model, start with a blank query:
1. In Power Query Editor, select New Source on the Home ribbon.
2. Select Blank Query.
3. With the new query selected, select Query > Advanced Editor on the Home ribbon.
4. Replace all existing code with the code above and select Done.
5. Give your query an appropriate name such as Calendar or Date.

The result should look like Figure 2-14, where the first few rows of the query are shown.
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. [T Date = |13 Year = A% month Rame = | 13 Month = 13 Week of Year -
0I-on-16 2015 January 1 1
02-Jon-16 2016 January 1 1
03-Jon-16 2016 January 1 2
4 04-Jan-16 2016 January 1 2
05-/on-16 2016 January 1 2
06-/on-16 2016 January 1 2
07-Jon-16 2016 January 1 2
08-/on-16 2016 January 1 2
09-/an-16 2016 January 1 2
10-/on-16 2015 January 1 3

FIGURE 2-14 Sample calendar table built by using Power Query

You may prefer having a table in Power Query when you intend to use it in some other que-
ries, since it's not possible to reference calculated tables in Power Query.

Creating a calendar table in DAX

If you choose to create a date table in DAX, you can use the CALENDAR or CALENDARAUTO
function, both of which return a table with a single Date column. You can then add calculated
columns to the table, or you can create a calculated table that has all the columns right away.

NOTE CALCULATED TABLES

We review the skills necessary to create calculated tables in Skill 2.2: Develop a data model.

The CALENDAR function requires you to provide the start and end dates, which you can
hardcode for your business requirements or calculate dynamically:

Calendar Dynamic =

CALENDAR (
MIN(Sale[Invoice Date Key]),
MAX(Sale[Invoice Date Key])

The CALENDARAUTO function scans your data model for dates and returns an appropriate
date range automatically.

To build a table similar to the Power Query table we built before, we can use the following
calculated table formula in DAX:

Calendar =
ADDCOLUMNS (
CALENDARAUTOQ) ,
"Year", YEAR([Date]),
"Month Name", FORMAT([Date], "MMMM"),
"Month", MONTH([Datel),
"Week of Year", WEEKNUM([Date])

Skill 2.1: Design a data model

93



94

NOTE COMPANION FILE

You can see different date tables in the 2.1.9 Create a common date table.pbix file in the
companion files folder.

NEED MIORE REVIEW? CREATING DATE TABLES

For more examples of how you can create a date table, see “Create date tables in Power Bl
Desktop” at https://docs.microsoft.com/en-us/power-bi/guidance/model-date-tables.

Define the appropriate level of data granularity

Data granularity refers to the grain of data, or the level of detail that a table can provide. For
example, the Targets table in the Wide World Importers example provides a target figure for
each month for each buying group, so the granularity is the month-buying group. If you filter
the Targets table by a field that is at lower granularity—such as Customer or Date—you won't
get any meaningful results. Figure 2-15 shows targets by date.

End of Month Target Excluding Tax
B January 2017 2,250,000.00
01-Jan-17 2,250,000.00
02-Jan-17 2,250,000.00
03-Jan-17 2,250,000.00
04-Jan-17 2,250,000.00
05-Jan-17 2,250,000.00
06-Jan-17 2,250,000.00
07-Jan-17 2,250,000.00

FIGURE 2-15 Targets by date

You can see that the same number is repeated at month level and date level, which can be
confusing. To deal with this, you need to account for cases when targets are shown at unsup-
ported levels of granularity.

There are a few ways of solving the problem. For example, you can make a measure return a
result only when the unsupported grains are not filtered:

Total Target (filters) =
IF(
NOT (

ISFILTERED('Date' [Date])
|| ISFILTERED('Date'[ISO Week Number])
|| ISFILTERED(Customer[Customer Key])
|| ISFILTERED(Customer[Customer])
|| ISFILTERED(Customer[Primary Contact])
|| ISFILTERED(Customer[Postal Code])
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|| ISFILTERED('Stock Item')
|| ISFILTERED(Employee)
|| ISFILTERED(City)
),
SUM(Targets[Target Excluding Tax])

You can see the result in Figure 2-16.

End of Month Target Excluding Tax Total Target (filters)
B January 2017 2,250,000.00 2,250,000.00

01-Jan-17 2,250,000.00

02-Jan-17 2,250,000.00

03-Jan-17 2,250,000.00

04-Jan-17 2,250,000.00

05-Jan-17 2,250,000.00

06-Jan-17 2,250,000.00

07-Jan-17 2,250,000.00

FIGURE 2-16 Total Target measure used in a table

Although this approach can work in many cases, it has a downside. If new columns are intro-
duced and they aren't at the supported level of granularity, then you'd need to modify your
code. An alternative is to check the number of rows in the supported dimensions as follows:

Total Target (rows) =
VAR DateRows = COUNTROWS('Date')
VAR DateRowsAtMonthLevel =
CALCULATE(
COUNTROWS('Date'),
REMOVEFILTERS('Date'),
VALUES('Date' [End of Month])
)
VAR CustomerRows = COUNTROWS(Customer)
VAR CustomerRowsAtBuyingGrouplLevel =
CALCULATE(
COUNTROWS (Customer) ,
REMOVEFILTERS (Customer),
VALUES (Customer[Buying Group])
)
VAR UnsupportedFilters =
(DateRows <> DateRowsAtMonthLevel)
|| (CustomerRows <> CustomerRowsAtBuyingGrouplLevel)
|| ISFILTERED('Stock Item')
|| ISFILTERED(Employee)
| | ISFILTERED(City)
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VAR Result =
IF(
NOT (UnsupportedFilters),
SUM(Targets[Target Excluding Tax])

)
RETURN
Result

You may still want to check whether unsupported tables are filtered, so you're still using
ISFILTERED for some tables. The result, shown in Figure 2-17, is the same as for the previous
measure.

End of Month Target Excluding Tax Total Target (filters) Total Target (rows)
B January 2017 2,250,000.00 2,250,000.00 2,250,000.00

01-Jan-17 2,250,000.00

02-Jan-17 2,250,000.00

03-Jan-17 2,250,000.00

04-Jan-17 2,250,000.00

05-Jan-17 2,250,000.00

06-Jan-17 2,250,000.00

07-Jan-17 2,250,000.00

FIGURE 2-17 An alternative measure

NOTE COMPANION FILE

You can see the measures in the 2.1.10 Define the appropriate level of data granularity.pbix file
in the companion files folder.

NOTE MEASURES

We review DAX measures in more detail in Skill 2.3: Create measures by using DAX.

Skill 2.2: Develop a data model

Data model development refers to enhancements you add to your model after you've loaded
your data and created relationships between tables. In this section, we review the skills you
need to create calculated tables, calculated columns, and hierarchies, and we show you how to
configure row-level security for your report as well as set up the Q&A feature.
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A

accessibility, reports, 165-166
alt text, 166
markers, 166

page names, titles, and labels, 166

tab order, 167

theme and color selection, 167-168

adding, columns, 46-48
advanced analysis
applying Al Insights, 223
binning, 219

breaking down a measure using the Decomposition

tree, 222

explore dimensional variances with Key influencers

visual, 219-221
grouping, 217
identifying outliers, 215-217
aggregations, 87, 131-133
Al (artificial intelligence), 201
Insights, 223
appending queries, 50-52
apps, 251, 254
navigation, 252-253
permissions, 253-254
setup, 252
unpublishing, 255
updating, 255
AppSource, importing visuals, 155
area charts, 145
artificial intelligence visuals, 154
automatic page refresh
change detection, 169-170
fixed interval, 168-169

bar charts, 144
binning, 219
bookmarks, 180-183

CALCULATE function, 116, 124

adding filters, 117

context transition, 119-122
removing filters, 117-118
updating filters, 118-119

calculated columns, 100-102
calculated tables, 97
CALENDAR function, 93
calendar tables, creating, 92-93
CALENDARAUTO function, 93
card visual, 153-154

cardinality, 83-84, 87

data summarization, 131
improving by changing data types,
130131

resolving many-to-many relationships, 87-88

bridge tables, 90-91
direct, 88

charts

area, 145

bar, 144

combo, 145-146

donut, 149-150

funnel, 148

gauge, 152-153

identifying outliers, 215-217
line, 145

pie, 149-150

Play axis, conducting time-series analysis,

212-214

reference lines, 211-212
ribbon, 146-147
scatter, 149

treemap, 150151
waterfall, 147-148

cloning, tables, 98
column profiling, 28
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columns
adding, 46-48
calculated, 100-102
combining, 39-40
hierarchies, 99-100
parent-child hierarchies, 76-79
pivoting/unpivoting, 44-45
properties, 72-73
reducing, 42-44
removing, 129
replacing values, 33
replacing with measures, 124-125
transforming data types, 35-37
combining
columns, 39-40
queries, 50
combo charts, 145-146
companion files, 2, 5, 22, 28, 59, 71
composite models, 11
Dual mode, 12
security risks, 11
table properties, 11-12
conditional formatting, 156-158, 206
removing, 202
tables and matrixes, 202
background color and font color, 202-204
data bars, 204-205
icons, 205-206
connectors, 2-5
creating
calculated tables, 97
calendar tables
in DAX, 93-94
in Power Query, 92-93
dataflows, 25-26
functions, 23-24
hierarchies, 99-100
queries, parameters, 19-20
roles, 103-105
semi-additive measures, 125-128
tables, 98-99
workspaces, 246-248
cross-filter direction, 84-85
CROSSFILTER function, 85
custom tooltips, 183-185
custom visuals, 142

D

dashboards, 172. See also reports
data alerts, 176177
mobile view, 174-176
pinning a live report page, 179
Quick Insights, 210-211
themes, 178-179
tiles, 172-174
data alerts, 176177
data bars, conditional formatting, 204-205
data granularity, 94-96
data modeling, 67, 91-92
aggregations, 131-133
changing data types, 130-131
data granularity, 94-96
data summarization, 131
designing a data model, 67
designing to meet performance requirements, 86
aggregations, 87
relationships, 86-87
storage mode, 86
development, 96
apply cross-filter direction and security filtering,
97
cloning tables, 98
creating calculated columns, 100-102
creating calculated tables, 97
creating tables based on data from different
sources, 98-99
hierarchies, 99-100
implement row-level security roles, 102-103
precalculating measures to improve report
performance, 99
identify poorly performing measures, relationships,
and visuals, 129-130
parent-child hierarchies, 76-79
quick measures, 73-76
relationships, 82-83
cardinality, 83-84, 87
cross-filter direction, 84-85
many-to-many, 88, 90-91
removing unnecessary columns, 129
removing unnecessary rows, 128-129
role-playing dimensions, 79-82
tables, 68
column properties, 72-73
flat schema, 68—-69



properties, 71-72
snowflake schema, 70-71
star schema, 69-70
data profiling, 27
examine data structures and interrogate column
properties, 28-30
identify data anomalies, 27-28
interrogate data statistics, 30-31
data sources, connecting to, 2-5, 26-27
data summarization, 131
data types, transforming, 35-37
data visualization, 141. See also visuals
area charts, 145
artificial intelligence visuals, 154
bar charts, 144
card visual, 153-154
choosing visualization type, 143
combo charts, 145-146
conducting time-series analysis, 212-214
configuring scheduled refresh, 231-232
cross-filter, 191-193
dashboards, 172
data alerts, 176177
mobile view, 174-176
pinning a live report page, 179
Quick Insights, 210-211
themes, 178-179
tiles, 172-174
Decomposition tree, 222
donut charts, 149-150
drill-through, 191-193
editing interactions between visuals, 185-186
expression-based formatting, 156158
filters
Filters pane, 159-161
slicers, 158-159
formatting, 154
funnel charts, 148
gauge charts, 152-153
importing visuals, 155
from AppSource, 155
from afile, 156
interactive visuals, 193-194
Key influencers visual, 219-221
KPI visual, 153-154
line charts, 145
maps, 151-152
multi-row card visual, 153-154
personalizing visuals, 214-215

DAX (data analysis expressions)

pie charts, 149-150

Python visuals, 161-164

R visuals, 161-164

reference lines, 211-212

reports
accessibility, 165-166
adding visuals, 142-143
bookmarks, 180-183
custom tooltips, 183-185
designing for mobile devices, 195
enriching for usability, 180
formatting, 164-165
navigation, 186-187
paginated, 170172

ribbon charts, 146-147

scatter charts, 149

sorting visuals, 187-188

sync slicers, 188-190

treemap charts, 150-151

waterfall charts, 147-148

dataflows, creating, 25-26
datasets

accessing on-premises data, 230-231
assigning roles in the Power Bl service, 232-234
enabling large dataset format, 244-246
endorsing, 242-244
granting access, 229, 235
impact analysis, 237
incremental refresh settings, 238
creating the RangeStart and RangeEnd
parameters, 238-239
filtering by using the RangeStart and RangeEnd
parameters, 239-240
policies, 241-242
managing, 229
permissions, 236-237
published, 8
query folding, 242
RLS (row-level security) group membership, 232
selecting, 7-8
sharing
through a workspace, 235
through an app, 235-236
viewing as roles in the Power Bl service, 234-235

date tables, 91-92

calendar tables, creating, 92-93

DAX (data analysis expressions), 67

building complex measures, 113-116
calendar tables, creating, 93-94
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creating quick measures, 113
Time Intelligence, 122-124
top N analysis, 207-208
variables, 116
Decomposition tree, 222
defining, quick measures, 73-76
development lifecycle strategy, 248
deployment pipeline, 249-250
parameters, 248-249
direct many-to-many relationships, 88
DirectQuery, 10, 12
aggregations, 87
composite models, 11-12
implications of using
data modeling limitations, 13-14
not every query type is usable, 13
report performance varies, 13
Live Connection, 9, 11
DISTINCT function, 98
DIVIDE function, 115
donut charts, 149-150
dynamic row-level security, 106-108

editing
interactions between visuals, 185-186
query parameters, 22-23
query steps, 42
endorsing datasets, 242-244
entities, 19
errors
data import, 59-61
identifying root cause, 34-35
replacing, 32-33
Excel files, connecting to, 2-3
explicit measures, 209
exporting
PBIDS file, 24-25
report data, 194
expression-based formatting, 156-158

F

files
connecting to, 2-3
format consistency, 5

importing visuals, 156
PBIDS, exporting, 24-25
RDL (Report Definition Language), 171
filters
adding, 117
Filters pane, 159-161
removing, 117-118
slicers, 158-159
Top N, 206-207
updating, 118-119
flat schema, 68-69
folders, connecting to, 4
formatting
expression-based, 156158
reports, 164-165
visuals, 154
functions
CALCULATE, 116, 124
adding filters, 117
context transition, 119-122
removing filters, 117-118
updating filters, 118-119
CALENDAR, 93
CALENDARAUTO, 93
creating, 23-24
CROSSFILTER, 85
DISTINCT, 98
DIVIDE, 115
RELATED, 101-102
SUM, 125
Table Schema, 30
Time Intelligence, 122-124
UNION, 99
USERELATIONSHIP, 81-82
funnel charts, 148

G-H-I

gauge charts, 152-153
hierarchies, creating, 99-100
icons, conditional formatting, 205-206
impact analysis, 237
importing, visuals, 155
from AppSource, 155
from a file, 156
interactive visuals, 193-194
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joins, 38
keys, 38
Key influencers visual, 219-221
keys
forjoins, 38
for relationships, 39
KPI visual, 153-154

L

line charts, 145
Live Connection, 9, 11
local datasets, 7-8

M

M (“mashup”), 31
writing queries, 55-56
managing datasets, 229
accessing on-premises data, 230-231
assigning roles in the Power Bl service, 232-234
configuring scheduled refresh, 231-232
enabling large dataset format, 244-246
impact analysis, 237
incremental refresh settings, 238
creating the RangeStart and RangeEnd
parameters, 238-239
filtering by using the RangeStart and RangeEnd
parameters, 239-240
policies, 241-242
permissions, 236-237
query folding, 242
RLS (row-level security) group membership, 232
sharing through a workspace, 235
sharing through an app, 235-236
viewing as roles in the Power Bl service, 234-235
many-to-many relationships
bridge tables, 90-91
direct, 88
resolving, 87-88
maps, 151-152
markers, 166

Power BI

measures, 124-125,129-130, 209. See also quick
measures

explicit, 114, 209

implicit, 113-114

precalculating, 99

semi-additive, creating, 125-128
merges, 38, 52-55. See also joins
Microsoft Dataverse, connecting to, 19
mobile devices, designing reports, 195
multi-row card visual, 153-154

N

naming conventions, query, 55
navigation

apps, 252-253

reports, 186187
null values, 33

0-P

OData feed, connecting to, 16
outliers, identifying, 215-217
paginated reports, 170-172
parameters
development lifecycle strategy, 248-249
query, 19
creating, 19-20
editing, 22-23
multiple, 22
using, 21-22
parent-child hierarchies, 76-79
PBIDS file, exporting, 24-25
performance, and visuals, 154
personalizing visuals, 214-215
pie charts, 149-150
pivoting/unpivoting columns, 44-45
Power BI, 1. See also DirectQuery
advanced analysis
binning, 219
grouping, 217
identifying outliers, 215-217
Al (artificial intelligence), 201
Assume Referential Integrity setting, 83
changing data source settings, 6
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connecting to a data source, 2-5
Excel files, 2-3
folders, 4
XMLA (XML for Analysis) endpoint, 26-27
Data source settings window, 6
datasets
published, 8
selecting, 7-8
DAX (data analysis expressions), 67
development lifecycle strategy, 248
DirectQuery, 10
composite models, 11-12
Live Connection, 9, 11
dynamic row-level security, 106-108
gateway modes, 230
getting data from different sources, 1
importing data, 9-10
incremental refresh, 18
Insert ribbon, 142-143
PBIDS file, exporting, 24-25
Q&A feature, 108-110, 177
synonyms, 111-112
Teach Q&A window, 110-111
query diagnostics toolset, 16-18
Quick Insights, 210-211
quick measures, 73-76
reports, 141
adding visualization items, 142-143
RLS (row-level security), 97, 102-103
roles, creating, 103-105
selecting a storage mode, 9
Selection pane, 190-191
storage mode, 86
changing, 12
composite models, 11-12
imported data, 9-10
Live Connection, 11
subscriptions, 257-258, 259
templates, 19
viewing data as roles, 105-106
Power Bl Report Builder, 171
Power Platform, 18-19
Power Query, 31, 208
Advanced Editor, 55-56
automatic type detection, disabling, 35
caching, 37
calendar tables, creating, 92-93

columns
adding, 46-48
combining, 39-40
pivoting/unpivoting, 44-45
data loading, 58-59
errors, identifying root cause, 34-35
Formula bar, 56-58
joins, 38
keys, 38
merges, 38
null values, 33
queries
appending, 50-52
combining, 50
merging, 52-55
naming conventions, 55
query steps, 41
editing, 42
reducing rows and columns, 42-44
replacing values, 32-33
resolving data import errors, 59-61
rows, removing, 34
transforming column data types, 35-37
using locale, 37-38
Transpose feature, 45-46
Power Query Editor, 5
data profiling
examine data structures and interrogate column
properties, 28-30
identifying data anomalies, 27-28
interrogate data statistics, 30—31
dataflows, creating, 25-26
functions, creating, 23-24
Native Query window, 15-16
queries
dependencies, 6
parameters, 19-20, 21-22
query folding, 15
recorded traces, 16-18
refreshing previews of queries, 4
Table Schema function, 30
profiling data. See data profiling
properties
column, 72-73
expression-based formatting, 156-158
table, 71-72
publishing assets in a workspace, 255-256
Python visuals, 161-164
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Q&A feature, 108-110, 177
synonyms, 111-112
Teach Q&A window, 110-111
top N analysis, 207
queries, 12. See also DirectQuery; Power Query; Power
Query Editor
appending, 50-52
combining, 50
converting to functions, 23-24
dependencies, 6
merging, 52-55
naming conventions, 55
parameters, 19
creating, 19-20
editing, 22-23
multiple, 22
type, 21
using, 21-22
Targets, 48-50
Targets for 2020, 46—48
top N analysis, 207
writing, 55-56
query folding, 242
Quick Insights, 210-211
quick measures, 73-76
CALCULATE function, 116
adding filters, 117
removing filters, 117-118
complex, 113116
creating, 113
updating filters, 118119

R

R visuals, 161-164
RDL (Report Definition Language) files, 171
reference lines, 211-212
RELATED function, 101-102
relationships, 70, 82-83, 86-87, 129-130
cardinality, 83-84, 87
cross-filter direction, 84-85
direct many-to-many, 88
keys, 39
many-to-many, 84
bridge tables, 90-91
direct, 88
resolving, 87-88

reports

many-to-one, 83
one-to-one, 83
role-playing dimensions, 79-82

removing

columns, 129
conditional formatting, 202
rows, 34, 128-129

replacing, values, 32-33
reports, 141. See also data visualization; visuals

accessibility, 165-166
alt text, 166
markers, 166
page names, titles, and labels, 166
tab order, 167
theme and color selection, 167-168
automatic page refresh, 168
change detection, 169-170
fixed interval, 168-169
bookmarks, 180-183
custom tooltips, 183185
designing for mobile devices, 195
editing interactions between visuals, 185-186
enriching for usability, 180
exporting data, 194
formatting, 164-165
navigation, 186-187
paginated, 170-172
subscriptions, 257-258, 259
top N analysis, 206
DAX (data analysis expressions), 207-208
Q&A, 207
visual-level filter, 206207
visuals
adding, 142-143
area charts, 145
bar charts, 144
card, 153-154
combo charts, 145-146
donut charts, 149-150
formatting, 154
funnel charts, 148
gauge charts, 152-153
KPI,153-154
line charts, 145
maps, 151-152
multi-row card, 153-154
pie charts, 149-150
ribbon charts, 146-147
scatter charts, 149
treemap charts, 150-151

waterfall charts, 147-148
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resolving, many-to-many relationships

resolving, many-to-many relationships, 87-88 T
ribbon charts, 146147
RLS (row-level security), 97, 102-103, 232, 251 Table Schema function, 30
and workspace roles, 235 tables, 71. See also columns; rows
role-playing dimensions, 79-82 calculated, 97
roles calendar
assigning in the Power Bl service, 232-234 creating in DAX, 93-94
creating, 103-105 creating in Power Query, 92-93
viewing data as, 105-106 cloning, 98
workspace, 235, 250-251 conditional formatting, 202
rows background color and font color, 202-204
dynamic row-level security, 106108 data bars, 204-205
reducing, 42-44 icons, 205-206
removing, 34, 128-129 creating, 98-99

data granularity, 94-96
data shape transformations, 40-41

S defining, 68
joins, 38
scatter charts, 149 keys, 38
identifying outliers, 215-217 pivoting/unpivoting columns, 44-45
schema profiling, 31
flat, 68—69 properties, 71-72
snowflake, 70-71 reducing rows and columns, 42-44
star, 69-70 relationships, 70, 82-83, 86-87
security filters, 97 cardinality, 83-84, 87
semi-additive measures, creating, 125-128 cross-filter direction, 84-85
sensitivity labels, 256-257 direct many-to-many, 88
shared datasets, selecting, 7-8 keys, 39
sharing datasets many-to-many, 87-88
through a workspace, 235 role-playing dimensions, 79-82
through an app, 235-236 schema
slicers, 158-159 flat, 68-69
hidden, 189 snowflake, 70-71
syncing, 188-190 star, 69-70
snowflake schema, 70-71 Targets for 2020 query, 46-48
sorting, visuals, 187-188 Targets query, 48-50
star schema, 69-70 templates, 19
statistical summary, 208-209 themes, dashboard, 178-179
storage mode. See also DirectQuery tiles, 172-174
composite models, 11-12 Time Intelligence functions, 122-124
DirectQuery, 10 time-series analysis, 212-214
imported data, 9-10 top N analysis, 206
Live Connection, 11 DAX (data analysis expressions), 207-208
subscriptions, 257-258, 259 Q&A, 207
SUM function, 125 visual-level filter, 206-207
synonyms, 111-112 treemap charts, 150-151
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U _V multi-row card, 153-154
and performance, 154
UNION function, 99 personalizing, 214-215
USERELATIONSHIP function, 81-82 Python, 161-164
values R, 161-164
null, 33 reference lines, 211-212
replacing, 32-33 renaming, 190
variables, 116 reports
viewing, data as roles, 105-106 bookmarks, 180-183
visual-level filter, 206-207 custom tooltips, 183-185

visuals, 129-130. See also charts navigation, 186-187

artificial intelligence, 154
card, 153-154
conditional formatting, 206
conducting time-series analysis, 212-214
cross-filter, 191-193
dashboards, 172
data alerts, 176177
mobile view, 174-176
pinning a live report page, 179
Quick Insights, 210-211
themes, 178-179
tiles, 172-174
Decomposition tree, 222
designing for accessibility, 165-166
alt text, 166
markers, 166
tab order, 167
theme and color selection, 167-168
drill-through, 191-193
editing interactions between, 185-186
expression-based formatting, 156-158
filters
Filters pane, 159-161
slicers, 158—159
formatting, 154
grouping, 191
importing, 155
from AppSource, 155
from afile, 156
interactive, 193-194
Key influencers, 219-221
KPI, 153154
maps, 151-152

sorting, 187-188
sync slicers, 188-190
tables and matrixes

background color and font color, 202-204
conditional formatting, 202

data bars, 204-205
icons, 205-206
top N analysis, 206

)}

waterfall charts, 147-148

WideWorldImporters.xlsx, connecting to, 2-3

workspaces, 246

apps, 251, 254
navigation, 252-253
permissions, 253-254
setup, 252
unpublishing, 255
updating, 255

creating, 246-248

publishing assets, 255-256
RLS (row-level security), 251

roles, 250-251
sensitivity labels, 256-257
writing, queries, 55-56

X-Y-Z

XMLA (XML for Analysis) endpoint, connecting to a

dataset, 26-27
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