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Preface

Working with data, or better phrased, understanding your world by the use of data, is core to
almost every successful business nowadays. Power Bl is a powerful tool to help you with that.
This book aims to help you get the most out of Power Bl and, with that, out of the opportunities
that lie ahead of you. It also aims to guide you in passing Microsoft’s official Power BI exam:
Microsoft Certified: Power BI Data Analyst Associate.

Comprising 16 insightful chapters, this book covers all topics essential for working with
Power Bl and passing the exam successfully. The book starts with some necessary background
on why data is important and why data modeling is even more important.

Chapters 3 and 5 focus on preparing data using Power Query. Chapter 3 starts with applying
basic data transformations. Chapter 5 focuses on automating solutions or being prepared to
get new data in the future.

Chapter 4 and 6 focus on visualizing the data, where Chapter 4 starts with basic theory on
what an effective report is. Not all visuals are insightful, so careful consideration on how to
setup your report is essential in creating effective reports. Chapter 6 focuses on more advanced
concepts and especially on creating compelling interactive reports.

Chapters 7 through 10 focus on creating a semantic model. Chapter 7 explains the basics of
semantic models and especially the relationships between tables,which are an important
aspect of the model. Chapters 8 and 9 focus on Data Analysis Expression (DAX). DAX is the
language behind the semantic model that allows us to enrich our data analysis capabilities.
Chapter 10 introduces concepts and best practices to make Power BI scalable and allow for
greater datasets.

Chapters 11 through 13 describe the Power BI portal and collaborating with the reports that
have been created. Chapter 11 focuses on security, a topic with ever-increasing significance.
Chapter 12 provides a tour of the portal, and Chapter 13 focuses on the actual endresult:
creating a Power Bl app.

To finish the book,Chapter 14 discusses the monitoring of the entire Power BI system. Chapter
15 introduces artificial intelligence (AI) capabilities in Power B

This book is designed to cater to all professionals who want to start working with Power BI
and/or want to pass the exam PL-300 Microsoft Certified: Power BI Data Analyst Associate.
There are no prerequisites for reading the book. However, affinity with data is a must, and
some affinity with the use of code is a prerequisite.
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Through practical examples, comprehensive explanations, and a structured approach, this
book aims to equip readers with a solid understanding of Power BI. Whether you are a novice
or an experienced learner, I hope this book will serve as a valuable resource in your journey
of exploring Power BI.

Chapter 1: Introduction to Data and Power BI- Business intelligence (BI) is a process to
prepare and use data to gain a competitive advantage. Lessons learned over the last decades
have made people understand that data needs to be combined, prepared, and modeled before
it can be used. Those lessons learned can be found in the setup of Power Bl. Understanding
the evolution of business intelligence is understanding the components of Power BI. The first
chapter explains the components found in the tool Power BI from a historical perspective.

Chapter 2: Dimensional Modeling- Power Bl is a tool that allows you to create compelling
visualizations of your data with just drag-and-drop. However, to make that work as easily as it
sounds, the data must be modeled correctly. This chapter teaches you the basics of dimensional
modeling. It is a commonly accepted best practice to model your data into a dimensional
model before starting to use the data.

Chapter 3: The Basics of Power Query- This chapter introduces the basic working of Power
Query. Power Query is used to transform and prepare the data. There are a lot of data
transformations available in order to deal with miscellaneous data or data modeling issues.
This chapter focuses on the often-used basic transformations. The chapter uses the theory of
the previous chapter and transforms our sample data into facts and dimensions.

Chapter 4: The Basics of Visualizations- This chapter provides an introduction to visualizing
data. There are a lot of different types of visualizations to choose from. There are a lot of
questions to be asked of the data. Choosing which visualization answers the question in the
most effective way is an important part of developing reports and dashboards. This chapter
is about choosing the right visuals and how to actually create the visual. The chapter also
describes how to change the formatting of the visual to your personal liking.

Chapter 5: Advanced Techniques of Power Query- This chapter focuses on automating Power
Query solutions. Depending on the data you have and the questions you need answered using
that data, Power Query can be straightforward. It can also become rather complex. You need
to be prepared for complex situations, where, for instance, new data will be stored in new files.
This chapter focuses on the language M of Power Query and on how to use it to automate your
data loading and preparation solutions.

Chapter 6: Create Interactive Reports- This chapter explores the interactivity capabilities of
Power Bl reports. The chapter builds on the skills learned in Chapter 4, The Basics of Visualizations
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to make the reports more effective by allowing users to be actively involved with the data in
the report. It introduces drill down and drill through, amongst other things, to allow users to
really get insights into their business processes.

Chapter 7: The Basics of Semantic Models- You cannot create reports in Power BI without a
semantic model. The semantic model is basically the part that makes drag-and-drop reporting
possible. The reports created so far in the book are based on a default semantic model that is
automatically created when data is imported into Power BI. This chapter explores the semantic
model. It explains the various types of relationships between tables of data and when to use
which relationship. It also explains a lot of other settings that make the result of drag-and-drop
reporting better.

Chapter 8: DAX- This chapter introduces DAX. DAX is the programming language behind the
semantic model. It can be used to enrich the data model. With DAX, we can create calculations,
calculated columns, and calculated measures. Sooner or later, you will have to use DAX to
answer the questions that live within an organization. This chapter uses a lot of practical
examples but focuses mainly on understanding the concept behind DAX. It explains the
concept of context and shows how to play with context to make reports even more informative.

Chapter 9: Advanced DAX Concepts- This chapter goes one step further than the previous
one. 80% of what you need to do using DAX can be simply done by using all the DAX functions
that are readily available. Some of the real added benefits will take a little more effort. You need
to understand iterators and context switches. This chapter teaches the slightly more difficult
techniques of DAX.

Chapter 10: Scalable Power BI Solutions- This chapter focuses on larger datasets. Larger can
be defined here as the scenario when you have issues within Power BI with everything taught
so far in the book, because of the amount of data you have. This chapter teaches you concepts
and tricks to use when you have large datasets. You will learn about different storage modes,
aggregations, incremental refresh, and more.

Chapter 11: Security- This chapter focuses on securing Power BI. Security can be found at
different levels throughout Power BI. The chapter teaches how to configure row level security
(RLS) within a report. It also describes object level security and how to secure semantic models,
reports, and dashboards once they are published to the Power BI service.

Chapter 12: Working with the Power BI Service- The Power BI service is the cloud portal
where semantic models and reports are published to, once we need to collaborate on them
with multiple people. It is also the place where we can create Power BI dashboards. This
chapter focuses on functionality and settings found in the service. It describes workspaces,
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domains, folders, and a whole lot of settings that you can adjust to customize your Power BI
environment.

Chapter 13: Create App- After the previous chapter, you will realize that the Power BI portal
can be a daunting environment for users who just need to use the reports. For these users, we
can create Power BI apps. This chapter describes what Power BI apps are for, how you can
create and customize them for different audiences, and how to share them with the intended
users.

Chapter 14: Monitor Power BI and Fabric- This chapter focuses on keeping an eye on the
system. Our reports are made available to users, and you need to keep track of their usage.
Some reports might not be used at all or not anymore over time. Some reports might grow,
either in how often they are used, by how many different users they are used by, or in the
amount of data behind the report. Knowing how the system is used helps in keeping the
system healthy. It also helps in knowing whether you are using the right license. This chapter
describes the tools available for administrators to monitor Power BI and its usage.

Chapter 15: Copilot in Power BI- This chapter introduces Al in Power BI. Copilot, Microsoft’s
AT assistant, is integrated into Power BI in multiple ways. This chapter describes where and
how you can use Copilot throughout Power BI.

Chapter 16: Practice Exam- Since this book helps you prepare for the official Microsoft exam
PL-300 Microsoft Certified: Power BI Data Analyst Associate, it helps to know what sort of
questions you can expect on the exam. This chapter provides some example questions that
help you prepare for the exam even better.
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CHAPTER 1

Introduction to Data
and Power BI

Introduction

This chapter introduces you to the concept of data analysis and analytics. It describes the
context in which a data analyst performs his or her role. It also provides a historical overview
of data warehousing. Data analysis is not new. Organizations have been using data for years
already. By now, we have a good idea of what works and what pitfalls to watch out for.
Lessons learned in the past in business intelligence (BI) in general, and data warehousing
specifically, are used today in Power BI development. So, it is worth your time to learn about
those experiences from the past.

Power BI uses what we learned about successful data warehousing, which is why Power Bl is
a lot more than a visualization tool. It comprises a lot of components. This chapter introduces
you to all Power BI components. It also outlines Power BI licensing,.

Structure

This chapter covers the following topics:
e Introduction to business intelligence
e Historical overview

e Introducing Power BI
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e Power Bl use case
e Power BI Desktop and the Power BI service

e Power Bl licensing

Objectives

By the end of this chapter, readers will know what Bl is. You will also know and understand
typical data warehousing terms like online analytical processing (OLAP ), extract, transform,
and load (ETL), and cubes. You will understand data quality issues and the need to prepare
data before use.

Besides more theoretical terms, you will learn about Power BI Desktop and the Power BI
service and understand the difference between them. You will also understand Power BI
licensing.

Introduction to business intelligence

Data has become increasingly important to businesses and is generated with everything you
do. Using all the generated data to gain insight is paramount to every business. The Japanese
scientist, Shinya Yamanaka, once stated that the main business model for companies in the
future would revolve around data; by that, he meant that a bakery would not earn money by
selling bread but by collecting, using, and potentially selling data. More recently, it is people
like Mark Zuckerberg and Jeff Bezos who declare similar things. Facebook (Meta) did not become
rich from the license money people pay to use Facebook. It is free. That is to say, Facebook is
gathering data, your data, and making money with that data.

Of course, most companies are not Facebook or Amazon, but small local companies also gather
data. Each company and individual works with data. This may be customer-related data,
patient data when in health care, product or service-related data, sales data, measurements, or
event data from Internet of Things (IoT) sensors, and so on. The list is endless. Gathering this
data and then not using it would be plain silly. We can analyze the data, learn from the data,
and turn that knowledge into good use. Turning data into information, insight, and action is
what we call B, or to put it in other words:

Bl is providing the right people with the right information in the right format at the right time in order
to make the right decision.

This definition is straightforward. The challenges come from the word right that is used five
times in the definition. In real life, you need to pay close attention to each occurrence of the
word right. Let us analyze this definition.

The most important word here is decision. It is all about decision-making. Learning something
and doing nothing with it can be ok in fundamental science (and it sometimes seems to be ok
in politics as well), but generally speaking, we want to do something with the knowledge we
gained. Gaining a competitive edge is what is said oftentimes about BI, but that means that



Introduction to Data and Power BI 3

you change things because you have new or more insights into processes, customer behavior,
the market in general, etc. and by applying changes, you hope to, for instance, increase sales,
reduces costs, increase productivity, decrease sick leave, etc.

The definition speaks about the right decision. However, the data analyst may not be
responsible for decision-making; however, a manager is, but if the data analyst provides the
manager with data to support the decision-making, the data analyst is responsible for the
correct interpretation of the data. Proper visualizations are a part of making sure the audience
understands the data. Good visualizations can turn data into information. So, we make the
right visualization, so decision-makers have the right information to make the right decisions.

If we go back to our definition of BI, we get to the part where it says the right information. We
need proper data for that, and very often (more often than not), we do not get proper data.
Consider, for instance, a list of patients in a hospital with around 30% of duplicate rows in that
table. The first step in being a data analyst is to analyze the raw data. This is where you first
see that you might have a problem with duplicates (we will discuss more potential issues later
in this chapter). This step is called exploratory data analysis (EDA).

EDA is your first look at raw data. You spot potential issues like duplicate rows. You do a first
check on what values are in your data, like calculating statistics like average, min, and max
values of different columns. It is where you get to know your data.

The second step, after having done the initial EDA, is solving any issues you found, like in this
case, de-duplicating the dataset. The third step is then to perform the actual data analysis to
see what we can learn from the data. In our example, with patient data, we want to learn about
our patients from this dataset. The main point here is that raw data is seldom good enough to
use directly. It needs preparation before we can use it and make it into the right information.

We have now explained two occurrences of the word right in our definition. The other
occurrences are slightly more straightforward. The person who has to make a decision is the
right person to receive the information, and they need it at the time the decisions need to be
made (or preferably before that). Delivering it in time, in some cases, proves to be a challenge,
but the need for timely information is clear.

The last right of the definition is about the right format. Data can be visualized in a lot of
different ways. Different formatting, like showing data in a 3D pie chart vs. showing the
same data in a bar chart, might lead to completely different interpretations of the data, which
can be something that you specifically were looking for, or it might lead to unintentional
misinterpretation of the data. When visualizing data, you need to be aware of what message
you want to tell what target audience. It will further be discussed in Chapter 4, The Basics of
Visualizations.

To recap, we live in a world of data. Data plays an important role in our everyday lives. Being
able to use all that data to your advantage is an important skill nowadays. Doing so will
not always be easy, but at the end of this book, you will have a good head start to become
a proficient data analyst using Power BI. First, let us have a closer look at the data within
organizations.
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Data in organizations

Data-driven working seems to be the holy grail for a lot of companies, which leads to situations
where management at some point decides they want the company to work data-driven. More
often than not, it starts a data warehouse project or, more recently, a data lake implementation
within the IT department. On other occasions, Bl software like Power Bl is purchased so people
can create reports and analyze data. However, data-driven work is a lot more than building
a data warehouse or purchasing visualization software. People within the organization need
to change how they perform their daily tasks, and the organization as a whole needs to be
organized and managed differently.

Data-driven work is more a management style, a way to organize a company, than anything
else. To be successful, we have to realize that. Maybe change management is more important
than starting an IT project. Data-driven work is anything but an IT project or, even more
generally, a project. It is a way of working.

Before you start any Bl initiative, it can be useful to perform a maturity scan of the organization.
Maturity models have been developed to get an idea on where a company stands in regard to
using data.

Figure 1.1 shows a simplified maturity model. All the way to the left, you will see maturity
Level 1: Unaware. Even in companies that should be classified as being in this stage, people
work with data, and Power BI can be a very useful tool for those people. There are probably
no formal requirements for these reports.

As can be seen in the following figure, there is no formal decision-making process. Maybe
data plays a role in decision-making, maybe not. The data we use and how it is prepared is not
formally described:

Level 1: Level 2: Level 3: Level 4: Level 5:
Unaware Opportunistic Standardize Company wide Transformative
Business Agile
Intelligence
Competence
Center
Executive Innovative
sponsor
Limited number o
datawarehouse
of users
No formal
L Central data marts
decision
making Central direction,
Process Spreadmarts both technical and
Shadow systems in business
Ad-Hoc Data inconsistencies | definitions

reports

Figure 1.1: Maturity model
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When a company states the ambition to become data-driven, it should first determine its
current situation in regard to the maturity model. Then, they should decide on what their
ambition is. With the current situation and the ambition stated clearly, a path towards that
ambition should be determined. You cannot be on level 1 today and expect to be on level
5 tomorrow. That will take time, and more importantly, you will have to go through all the
stages to successfully get to the desired level.

This book is not about how organizations can become data-driven and what they have to
do to reach their ambitions, but it is important to have some understanding of the different
maturity levels because Power BI can play an important role in all levels. Power BI may be
used differently, though. Before we take a look at different Power BI use cases, let us first look
at how Bl has evolved over the years. Power Bl takes advantage of lessons learned in the past,
and we as Power Bl developers can take advantage of those lessons learned in all the different
scenarios Power BI supports.

Historical overview

In the 1980s, relational databases were introduced. If you take a look at the marketing from
that time, you will read texts like information at your fingertips or be able to always make
informed decisions. We came from the mainframe era, where there was limited data and
information available, and it was hard to get, but the promise of the relational database was
that everyone could send queries to the database and get answers immediately. Systems like
customer relationship management (CRM) were built, and it was said we could use all the
data generated by those applications in real-time. The ambitions back then were no different
than our current ones.

In the real world, it turned out not to be as easy as marketing promised. A couple of problems
were encountered when trying to do more complex reporting or analysis on these operational
systems. Microsoft nowadays makes the same promise, that you can connect Power BI to
basically any operational system that generates data, start analyzing the data and use it for
reporting straight away. This approach did not work previously, and we now have to make
sure we do not make the same mistakes today with Power BI. Let us see what we can learn
from the past.
The most important problems that we encountered were as follows:

e Data complexity

e Impact on source systems

e Data quality

e Lack of a consistent 360-degree view

e Lack of historical data
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Data complexity

Databases that support operational applications like human resources (HR) applications,
CRM applications, enterprise resource planning (ERP), electronic patient dossiers (EPD), to
name just a few, are most of the time databases that use a normalized data model. An example
of how that may look can be seen in Figure 1.2.

The goal of Figure 1.2 is not for you to understand this data structure at this point. It is just an
illustration to show that normalized database structures can become really complex.

Figure 1.2 is a subset of a simple example database:

’_oJ ProductVendor (Purchasing) L@g i l
| | ||
€1 Vendor (Purchasing) B : UnitMeasure (Production) }@%40
b :
SalesOrderDetail (Sales) )OO—G% SpecialOfferProduct (Sales)
O<#PurchaseOrv:lerHeader (Purchasi }“O PurchaseOrderDetail (|
{ |
®
SalesOrderHeader (Sales) }“G)g ‘SpecialOf'fer (Sales)
¢
ShipMethod (Purchasing) ‘

M SalesOrderHeaderSalesReason (Sal‘ )o@
StateProvince (Person) I
| C :

BusinessEntitvAddress (Person) )OO—@”( Address (Person)
{

{

CountryRegionCurren(

Currency (Sales) ’G@
( [

AddressType (Person)

(CountrvRe(

‘ SalesTaxRate (Sales) ‘

‘ CurrencyRate (Sales) ‘

Figure 1.2: Normalized data model

The database, as shown in Figure 1.2, is an example of the adventure works database, which
is a fairly simple example database that Microsoft uses a lot. Real world database can become
a lot more complex, and some databases have over 100.000 tables. Complexity by itself is not
necessarily bad. It however, leads to two negative effects as follows:

e  Error-prone
e Productivity

The more the complexity increases, the bigger the chances of errors. Queries to get the
data out of the database correctly become complex as well. People make more errors when
writing complex code as opposed to simple code. You can import a table schema, as shown,
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into Power BI and create reports based on these tables. Within Power BI, you will at some
point need to write Data Analysis Expressions (DAX). These DAX expressions can become
incomprehensibly complex when using normalized databases, as shown in Figure 1.2. You
want to stay away from that, especially when accountability becomes important. You will
learn about dimensional modeling in Chapter 2, Dimensional Modeling where you create easy-
to-use data models.

Another issue might be the productivity of report builders. When the complexity of the data,
and especially the complexity of the data model, increases, so does the time it takes to develop
good, effective reports. With HR being a big part of operational costs for a lot of companies,
having people work more efficiently is important. Ideally, we want to enable data analysts and
report builders alike to focus on content and not on complexity. By simplifying the data model,
we simplify data analysis and report creation, making better use of the expensive resource that
is human capital.

Impact on source systems

Data analysis or extensive use of reports puts an extra strain on the database being used.
This may impact the database and, with that, the application that the database is supporting
negatively. The application can very well be one of the primary processes of the company.
Although effectively working with data is important, the primary processes are even more
important.

With the compute power available today and the optimized database engines we have, this
argument is not nearly as important as it was thirty years ago. We can develop Power BI
reports in such a way that we minimize the impact the report has on the source it uses, but
even so, a lot of database administrators do not want us to query their database directly.

Data quality

Companies nowadays have a lot of data, but more often than not, that data has issues that
prevent companies from using the data as-is. The quality of the data is bad. There are always
issues with data in operational sources. In our definition of BI at the start of this chapter, we
used the word right a lot. The definition of BI states that we need the right information, and
we need proper data to get the right information. More likely than not, you do not get proper
data. Issues that you may encounter may be as follows:

e Duplicate rows

e Missing data

e Incorrect data

e Inconsistent data

¢ Homonyms and synonyms

e Other issues
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Let us start at the top of the list. Consider a Patient table in a hospital. It would not be
surprising that the table contains up to (or even more) than 30% of duplicate patients. General
Data Protection Regulation (GDPR) may forbid you to use anything like a citizen service number,
so you cannot be sure. However, looking at first name, last name, birth date, and address may
give you the impression that many duplicates exist in your dataset. With all those duplicates,
a lot of patient analysis that can potentially be done would be meaningless. You will need to
deduplicate the data before starting any analysis. Doing so on the original table is probably
out of the question. You need to extract the data first, prepare the copy, and do the analysis on
the copy.

Missing data is a very common issue as well. Consider a web shop where you have to create
an account before you can order anything. Some of the information you have to enter is
obligatory, like your last name and email address, but the date of birth might, for instance, not
be mandatory. A lot of people will leave it empty. That leaves you with a lot of missing values
in the dataset.

Continuing on the date of birth example, suppose the date of birth was mandatory. Some
people will enter their real birth date. Others will just type in a fake birth date. January 1% of
2000 is an often-seen birth date in customers’ data of online shops. Other values, like January
1% of 1970, may show up more than statistically expected. It is the data represented by zero in
Unix-based systems. Instead of missing data, we are now faced with incorrect data. There are
a lot of examples of incorrect data. You have to figure out what this means for the data you are
going to work with, especially when you pretend to present the right information.

Data can be correct but inconsistent at the same time. Suppose, for instance, you have a
customer who lives in the city of Seattle, Washington. Most people working with Microsoft are
familiar with this city. Now, suppose that the same customer lives in Australia. The value of
Australia in itself can be correct, just as Seattle can be. However, the combination of both is
not correct. They are inconsistent with each other. This does have an impact when analyzing
where your customers are located.

Asalastexample, letuslook athomonyms. Suppose we again analyze customer data, especially
in which city our customers live. For this example, we focus on our Belgium customers solely.
In Belgium, part of the people speak French, and the other part speaks Dutch. The first group
calls their capital Bruxelles, the Dutch-speaking people call it Brussel, and English-speaking
people call it Brussels. Using the data as-is, with different values for the same city, will not lead
to correct results when used in drag-and-drop reporting like in Power BI. In terms of data, you
have three entirely different cities. In the real world, it is of course one and the same city. You
may also have other variations in the database where people made typos when entering the
city name. Again, if you do not prepare your data before doing any sort of analysis on the data,
you run the risk of getting incorrect results. Even a simple analysis of counts per city may be
more complex than it seems at first glance.
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Lack of a consistent 360-degree view

Companies never have just a single database or a single source of data. They have multiple
sources. Those sources are partly complementary and partly overlapping. Companies can,
for instance, connect to an order entry system and, by combining all orders of a single month,
calculate their monthly sales, or they connect to their invoicing or bank system and derive
monthly sales from there. More often than not, you will get two different answers.

Your first step when creating a Power Bl report is to choose the data to use. You will have to
decide which source to use for the report you are going to make. You may have to analyze first
whether or not you get the same answers from both systems. When the numbers are different,
the choice becomes more difficult but also a lot more important. These are difficult decisions
to make. Sometimes there may be obvious reasons for the differences. The order entry system
may have used the order date to calculate sales, where the other system used an invoice date.
In this case, you simply choose the definition of sales you need for the report.

Another example might be when you need to combine information about sales people from
the CRM system with identities coming from Microsoft Entra. There should be a match in
Entra for every sales person, but in real life, it could be difficult to match the entries from both
systems. Missing data, typos in email addresses, old email addresses from before Entra was
introduced, or from before the merger with another company can all be reasons for this.

Lack of historical data

The last potential issue when working with data from operational systems is the potential lack
of historical data. One issue may be that, for instance, six months ago, the company migrated
to a new CRM system. Comparing today’s business with last year is all of a sudden complex
because you need to combine the data of the old system with the data of the new system,
and even though it is the data about the same process, there is likely not a one to one match
between how the data is stored.

More importantly, it is the lack of historical data of what we call the dimensions. Suppose
you want to analyze what products are popular in what parts of a country. You do have all
historical sales transactions available, so you know exactly who bought what, but also suppose
that every time a customer moves to a new address, the old address is overwritten with the
new address. This is what happens in a lot of operational applications.

In this scenario, you will match a historical sales transaction to a current address. So, products
sold to a student living on a university campus may now very well be linked to an urban area
where a lot of families with young children live. The sold products get linked to the wrong
part of town.

As with issues described earlier, a fairly straightforward analysis becomes difficult or even
impossible to do.
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When marketing promised us all those years ago how easy it was to connect to the database
and get information out of it to support decision-making, they overlooked these issues.

Today, with Power BI, the promise is the same as it was back then. It is easy to connect to
almost any source. Once connected, you start building reports immediately using simple
drag-and-drop, but all the issues described here are applicable to today’s data sources. You
have to be aware of the problems your data poses to you, and you have to find and implement
fixes before you can do meaningful analysis on your data.

Instead of focusing on issues, let us focus on possible solutions. In the 90s, data warehousing
became popular to overcome the issues mentioned in the section. So, let us have a look at data
warehousing.

Data warehouse
In the 90s, companies started creating data warehouses to overcome the issues as discussed.

Figure 1.3 shows a simplified data warehouse architecture:

LOB
Application

Semantic
model

Financial Data warehouse

‘Single version of

Human the truth’

Resources

Figure 1.3: Simple data warehouse architecture

In Figure 1.3, there are three different databases supporting line of business (LOB) applications.
This means there are three data sources available to use for reporting and analysis. With data
warehousing, a BI team extracts the relevant data from the source systems to load the data
into a new database, that is, the data warehouse. By doing so, it gives them the opportunity to
transform the data while doing so. Probably, the most valuable part of data warehousing is the
ETL process. Nowadays, people creating data warehouses and implementing ETL processes
are called data engineers.

The transform part of the ETL process allows data engineers to first and foremost use a different
table structure to store the data. The first issue described is the complexity of the normalized
operational databases. Data engineers have the opportunity to make it simpler.

There are multiple architectures and data modeling techniques that can be used. This book is
not about data warehouse architectures. Although the lessons learned in the past with data
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warehousing, and especially the data modeling techniques applied in data warehousing, are
relevant. The data modeling technique preferred for Power Bl is dimensional modeling. The
result of a dimensional model database is what is called a star schema.

Figure 1.4 is an example of a simple star schema: the star in Figure 1.4 emphasizes the design
with a central table surrounded by other tables, together creating the form of a star:

@ Shippers @ Products
CompanyName Category

@ Customers
Phone Country

City ShipperlD Discontinued

CompanyName Collapse PriceRange

ContactName ProductiD
ContactTitle ProductMName
Supplier

Country

CustomerlD

Phaone @ safs

Collapse

TypeOfContact

Collapse

CustomeriD 1
2 DaysToShipment
7 DiscountAmount y

EmployeelD

Z_ Freight

I GrossSales

T Margin
(8] shipTo (2] Employees
Collapse ~
Address AgeGroup
o @ BirthDate
City
i EmployesiD
Country
Index FirstName
Name FullName
& HireDate

PostalCode

Collapse Collapse

Figure 1.4: Star schema

Refer to Figure 1.2 and compare it to Figure 1.4. A lot of people will agree it looks a lot simpler.
It is a Power BI best practice to base all your work on data modeled into a star schema. It will
improve your Power BI report dramatically. Easier report development leads to higher quality
reports, less performance issues, and with current Fabric licensing, it will be cheaper too.

Take notice of the text ‘Single version of the truth’ under the data warehouse in Figure 1.3.
One of the issues described previously is the lack of consistency between different source
systems and the lack of a consistent 360-degree view of an organization because of it. With
all the relevant data placed into a single data warehouse, which is now used as the source
for reporting and analysis, the lack of consistency is solved. When you always go to the same
place with questions, you always get the same answer. The underlying integration problem
has been solved in the ETL process. A more modern line than ‘Single version of the truth’ is
‘single version of the facts’, referring to the fact that different people may still interpret data
differently, even though they get the same data.
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A more modern architecture involves the use of data lakes instead of data warehouses. Itis just
a modern version of old-fashioned data warehousing, more geared towards big data and the
cloud. There is not much difference from a Power BI development perspective.

Figure 1.5 shows a data lake architecture:
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Figure 1.5: data lake

The data mart is in Figure 1.5 to the right of the data lake. The data mart is usually a database
modeled into a start schema. It can be the perfect source for Power BI developers.

In creating a star schema, all preceding issues described are as good as possible solved. Data
is deduplicated when applicable and necessary, synonyms are resolved, etc. The data has been
cleansed.

Notice that in both Figure 1.3 and Figure 1.4, you can see a semantic model. Building data
warehouses or data marts solved most issues discussed earlier. There is one thing left, though,
we want to enable as many people as possible to create reports, and we want them to be
as productive as possible as well. That means that it should be really straightforward and
simple to create reports. We try to reach that ambition by making drag-and-drop reporting
tools like Power BI. However, there is a cap between how well drag-and-drop works and the
functionality provided by databases. In the 90s, we started creating OLAP cubes to bridge the
gap between technical-oriented databases and drag-and-drop tools. Today, we call that extra
layer a semantic model.

All the preceding is about lessons learned in the past. Applying these lessons learned increases
the quality of any BI platform. It is, therefore, essential to take these lessons forward and take
advantage of them when working with Power BL

Introducing Power BI

Up to the zeroes of this century, you would use Microsoft SQL Server when implementing
BI solutions. Data warehouse developers would create data warehouses in SQL Server using
SQL Server Integration Services (SSIS) as an ETL tool. They would then implement an OLAP
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cube (semantic model) using SQL Server Analysis Services (SSAS). The reports and data
analysis would then be done using either SQL Server Reporting Services (SSRS) or Excel.
To enable more people to create compelling reports faster, Microsoft introduced some add-
ins in Excel. Power Pivot, Power Query, and Power View. A bit later, these three add-ins were
combined to create a new product, that is, Power BL

Today, Power BI still has three main components. Power Query is still called Power Query.
It is a visual low-code/no-code ETL tool. Power Pivot has evolved into what we now call a
Power BI semantic model, and Power View does not exist anymore as a name, but it is what
we know Power BI best for: the visualizations that make up our reports.

The three Power BI components, combined with the lessons learned from data warehousing,
are shown in Figure 1.6:
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Figure 1.6: Power Bl compared to data warehousing

When comparing Figure 1.6 to Figure 1.3, we see that Power BI took the lessons learned from
the past and basically allows the Power BI developer to create a data warehouse and semantic
model. It uses an ETL tool to read data from various sources and allows transformations before
loading the data into its own semantic model. Once the data is modeled, it can be visualized.

Power BI does not have a separate data warehouse and semantic model. However, you will
learn that you load data into tables within your Power BI solution (you will learn about this
later in the book). You can then set all sorts of settings that are typical for a semantic model,
as shown in Chapter 7, The Basics of Semantic Model. On top of that, you will enrich the data
by adding calculated measures using the semantic model language DAX, as can be read in
Chapter 8, DAX.



