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Introduction

E xam DP-500 focuses on designing and implementing enterprise-scale analytics solutions
using Microsoft Azure and Microsoft Power Bl. About a quarter of the book examines
implementing and managing a data analytics environment, which includes both Azure and
Power BI. Another quarter of the book reviews the query and data transformation by using
Azure and Power Bl. One more quarter of the book is dedicated to tabular data modeling in
Power Bl. The remainder of the book reviews the data visualization skills in Azure and Power BI.

This book was written for business intelligence developers, business intelligence architects,
data engineers, and data architects. Before reading this book, you should be familiar with
Azure, Power B, the basics of Power Query, and DAX. It helps if you've passed the PL-300 exam
already.

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,
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: microsoft.com/learn. 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
through study and hands-on practice can help you prepare for the exam. This book is not
designed to teach you new skills.
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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, online courses, and live events at microsoft.com/learn.

Note that this Exam Ref is based on publicly available information about the exam and the
authors’ 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.

NEED MORE REVIEW? ALL MICROSOFT CERTIFICATIONS

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

Quick access to online references

Throughout this book are addresses to webpages that the authors have 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/ERDP500/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.
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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/ERDP500/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 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
support.microsoft.com.

Stay in touch

Let's keep the conversation going! We're on Twitter: twitter.com/MicrosoftPress.
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Query and transform data

Data duplication is natural in an organization. Data needs to be queried and transformed in a
format that is most suitable for the use case. This is true even at the lowest level, in a data-
base, where data is duplicated in the form of indexes to optimize reads.

Similarly, in an organization data will be queried and transformed from the operational to
the analytical system(s), and queried and transformed again through the various layers of the
analytical stack. In this chapter we will review how this is done with Azure Synapse and
Power BI.

Skills covered in this chapter:
m 2.1 Query data by using Azure Synapse Analytics

m 2.2:Ingest and transform data by using Power BI

Skill 2.1: Query data by using Azure Synapse Analytics

There is no doubt that the amount of data generated and used by businesses is growing.
And so are the requirements for near-real-time analytics; we want more insight and sooner.
On top of that, the complexity of the analysis is increasing. With predictive and prescriptive
solutions, we go beyond descriptive and diagnostic analytics.

To meet all these increasingly demanding requirements, data tools are multiplying. But
there is value in a single platform: ease of training, reduced cognitive load, easier cross-team
collaboration, fewer silos in the organization. ... Azure Synapse Analytics is all about bringing
together data engineers, data scientists, and data analysts in order to achieve more with
your data.

This skill covers how to:
= |dentify an appropriate Azure Synapse pool when analyzing data
m Recommend appropriate file types for querying serverless SQL pools

m Query relational data sources in dedicated or serverless SQL pools, including
querying partitioned data sources

m Use a machine learning PREDICT function in a query
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Identify an appropriate Azure Synapse pool when
analyzing data

Azure Synapse Analytics is an extremely rich platform (see Figure 2-1). As the requirements
around data become more and more complex, so does the need for features. Azure Synapse
Analytics can be seen as a one-stop shop for data in your organization, bringing together data
engineers, data scientists, and data analysts.

Overall architecture of Azure Synapse Analytics

In Chapter 1, we reviewed the tight integration with Microsoft Purview, and with Power BI.
Azure Synapse Analytics comes with a default data store: the Azure Data Lake Storage Genz2,
although it is possible to link more data stores to your Azure Synapse Analytics. The default
data store supports Delta Lake, an open source storage layer that comes on top of the Data
Lake Storage and brings ACID transactions to Apache Spark.

NOTE ACID

ACID is the acronym for Atomicity, Consistency, Isolation, and Durability. One database imple-
mentation of ACID is not necessarily equivalent to another. For example, there are many levels
of consistency possible in a data store. Nonetheless, ACID still provides more guarantees than

BASE (Basically Available, Soft state, Eventual consistency).

Azure Synapse Analytics offers two query engines: Apache Spark and SQL. We will review
both technologies and their various flavors in this chapter. These query engines allow for batch
processing, parallel processing, stream processing, and machine learning workload. The beauty
of Azure Synapse Analytics is also the variety of languages you can work with. SQL is the first to
come to mind, but there is also Scala, Python, R, and last but not least, C#. Finally, Synapse Pipe-
lines enables data transformations, even in a parallel computing fashion, with a low code tool.

Azure Synapse Analytics

SQL
Dedicated

Serverless

FIGURE 2-1 Overall architecture diagram of Azure Synapse Analytics

CHAPTER 2  Query and transform data



Concepts about Spark Pool

Apache Spark is a framework for in-memory parallel processing. It was first released in 2014,
with the goal to provide a unified platform for data engineering and data science, as well as
batch and streaming—a mission that resonates with Azure Synapse Analytics. Apache Spark is
originally written in Scala, but also available in Python, SQL, and R. In Azure Synapse Analytics,
Apache Spark is also available in C#.

Apache Spark runs on a cluster, as you can see in Figure 2-2.

Driver Program

I
Worker Node : Worker Node
Cluster Manager
Executor Executor
A A
v v

Worker Node

Executor

FIGURE 2-2 High-level overview of a Spark cluster

Worker Node

Executor

A Spark application is coordinated by the driver program. On a cluster, the driver program
connects to the cluster manager to coordinate the work. In Azure Synapse Analytics, the cluster
manager is YARN. The cluster manager is responsible for allocating resources (memory, cores,
etc.) in the cluster. Once the driver is connected to the cluster manager, it acquires resources to
create executors. Executors will be the ones doing the work: running in-memory computations
and storing data.

An Azure Spark pool is not just a Spark instance on a cluster. Azure Synapse provides
peripheral features:

= Auto-Scale capabilities—The Auto-Scale feature automatically scales up and down the
number of nodes in a cluster. You can set a minimum and maximum number of nodes
when creating a new Spark pool. Every 30 seconds, Auto-Scale monitors the number of
CPUs and the amount of memory needed to complete all pending jobs, as well as the
current total CPUs and memory, and scales up or down based on these metrics.

m Apache Livy—Apache Livy is a REST API for Apache Spark. Conveniently, it is included
in Azure Spark pools. Apache Livy can be used to submit programmatically Spark jobs to
the cluster.

Skill 2.1: Query data by using Azure Synapse Analytics
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m Preloaded Anaconda libraries—Apache Spark is great for parallel computing, but
sometimes we don't need all that computing power, but instead want some more
specialized functionalities for machine learning or visualization. Particularly during
exploratory analysis, having Anaconda libraries preloaded in Azure Spark pools comes
in handy.

An Azure Spark pool is a great tool when dealing with a large amount of data and when
performance matters. Should it be data preparation, machine learning, or streaming data, a
Spark pool is the right tool if you want to work in Python, SQL, Scala, or C#.

EXAMPLE OF HOW TO USE IT
To review how to use an Azure Spark pool, we will start by creating an Azure Synapse Analytics
resource.

1. Inyour Azure portal, select Create a resource.

2. Search for and select Azure Synapse Analytics.
3. Select Create.
4

Once the resource is created, navigate to the resource and select Open Synapse
Studio, as shown in Figure 2-3.

+ New dedicated SQL pool —+ New Apache Spark pcol -+ New Data Explorer pool (preview) () Refresh /7 Reset SQL admi

- Essentials

Resource group (move) : dp-500

Status : Succeeded

Location : East US

Subscription (move) : Microsoft Partner Network

Subscription ID 1 9a98e472-2342-4da8-b24e-076a7ce65dcd

Managed virtual network  : No

Managed Identity object ... : 1cfac7e8-a8cf-47e5-9dbe-566bccd5b965

Workspace web URL : https://web.azuresynapse.net?workspace=%2fsubscriptions%2{9a98e472-a342-4da8-b24e-076a7c...
Tags (edit) : Click here to add tags

Getting started

Open Synapse Studio :l Read documentation

Start building your fully-integrated Learn how to be productive quickly.
analytics solution and unlock new Explore concepts, tutorials, and
insights. samples.

Open o Learn more o

FIGURE 2-3 Synapse Resource view in the Azure portal

Now that we have our resource, let's create the Spark pool.
1.  Goto Manage, as shown in Figure 2-4.
2. Navigate to Apache Spark pools > + New.
3. Enteraname in Apache Spark pool name, like dp500.

60 Query and transform data



FIGURE 2-4 The Manage menu in Azure Synapse Analytics Studio

Set Isolated compute to Disabled.

Set Node size family as Memory Optimized.
Set Node size to Small.

Set Autoscale to Enabled.

Set Number of nodes to 3 and 5.

© ® N o n s

Review that you have the same configuration as Figure 2-5.
10. Select Review + create.
11. Select Create.

Now that we have our compute, we can use it to query and analyze some data. To do that,
we first need to get some data.

1. Navigate to https://www.nyc.gov/site/tlc/about/tlc-trip-record-data.page and down-
load the January 2022 Green Taxi Trip Records.

2. Inthe Synapse Studio, navigate to the Data menu, as shown in Figure 2-6.

Skill 2.1: Query data by using Azure Synapse Analytics
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New Apache Spark pool

Basics o  Additional settings *  Tags Review + create

Create an Synapse Analytics Apache Spark pool with your preferred configurations. Complete the Basics tab then go to
Review + Create to provision with smart defaults, or visit each tab to customize.

Apache Spark pool details

IName your Apache Spark pocl and choose its initial settings.

Apache Spark pool name * ‘ dps00 ]
Isolated compute * @ (O enabled (@ Disabled

Node size family * ‘ Memory Optimized ‘
Node size = [ small (4 vCores /32 G8) |
Autoscale * © @ Enabled O Disabled

Number of nodes * O

Estimated price @ Est. cost per hour

1.40 10 233 EUR
View pricing details

Dynamically allocate executors * @ O Enabled @ Disabled

FIGURE 2-5 Configuration parameters for the Apache Spark pool

Microsoft Azure

FIGURE 2-6 Data menu in Synapse Studio
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Select the Linked tab and then select Azure Data Lake Storage Gen2.
Expand your primary container and select your primary file store.

Upload your Parquet file.

o v oA ow

Right-click on the uploaded file and from the context menu select New notebook >
Load to Dataframe.

7. Inthe new notebook, attach the Spark pool you created previously.
8. Run the first cell.

After a few minutes, the time for the Spark pool to spin up, you should see a table with the
first 10 rows of the dataset, as shown in Figure 2-7. The data is now loaded in memory in a Spark
DataFrame, so the analysis can proceed.

view | ) Exportresults v 8
VendorlD Ipep_pickup_datetime Ipep_dropoff_datetime store_and_fwd_flag RatecodelD PULocationiD a
2022-01-01 00:14:21 2022-01-01 00:15:33 N 10 2
1 2022-01-01 00:20:55 2022-01-01 00:29:38 N 10 116
1 2022-01-01 00:57:02 2022-01-01 01:13:14 N 10 /a
2 2022-01-01 00:07:42 2022:01-01 00:15:57 N 10 181
2 2022-01-01 00:07:50 2022-01-01 00:28:52 N 10 3
1 2022-01-01 00:47:57 2022:01-01 00:54:09 N 10 150
2 2022-01-01 00:13:38 2022-01-01 00:32:50 N 10 66
2022-01-01 00:43:00 2022-01-01 00:49:20 N 10 40
2022-01-01 00:41:04 2022-01-01 00:47:04 N 10 1.
2022-01-01 00:51:07 2022-01-01 01:09:31 N 10 56 P
‘ »

FIGURE 2-7 Results from reading the Parquet file with the Spark pool

Architecture of Synapse SQL

Before diving into the two flavors of Azure Synapse SQL, let's review the overall architecture of
this part of Azure Synapse Analytics. Figure 2-8 represents the internal architecture of Azure
Synapse SQL.

Control Node

Compute Node Compute Node Compute Node Compute Node

Azure Storage

FIGURE 2-8 The internal architecture of Azure Synapse SQL

Skill 2.1: Query data by using Azure Synapse Analytics  CHAPTER 2 63
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The control node is going to be the entry point of Azure Synapse SQL and the orchestrator
of the distributed query to the compute node, similar to the driver node in a Spark pool. And as
their name indicates, the compute nodes will do the computation.

It is important to note the decoupling of compute and storage, which will also be reflected
in the pricing. You can scale your compute without affecting your storage, and vice versa.

The difference between serverless and dedicated is primarily in the number of nodes avail-
able. With serverless, the number of nodes is not predetermined and will scale automatically
based on the computation needs. With dedicated, the number of nodes is preallocated.

A dedicated SQL pool also, beyond querying the data, allows ingestion of data, whereas
serverless only allows querying the data. The ingestion of data will allow you to create tables
in your SQL pool. Those tables will be distributed. There are three possible distributions: hash,
round-robin, and replicate.

The hash distribution is typically used for large tables, such as fact tables. The round-robin is
used for staging tables. And the replicate is used for small tables, such as dimensions.

EXAM TIP

You will often find questions about the optimal distribution for a use case. So it's important
that you thoroughly understand each of the three distributions and when they would be
appropriate to use.

NEED MORE REVIEW? DEEP DIVE INTO DISTRIBUTIONS

If you want to review the intricacies of the distributions in Azure Synapse SQL, see the fol-
lowing documentation: https://learn.microsoft.com/en-us/azure/synapse-analytics/sql/
overview-architecture#distributions.

SQL serverless pool

Because a SQL serverless pool is serverless, that doesn’t mean there is no server behind the
scene, but it does mean that for you there is no infrastructure to set up or maintain. A SQL
serverless pool will be automatically provisioned and ready to go when you create a Synapse
Analytics workspace, and it will scale as needed. You will be charged by how much data you
process.

Because of that, a SQL serverless pool is particularly suited for unpredictable workloads,
such as exploratory analysis. Another perfect use case for SQL serverless pools is to create a
logical data warehouse, to be queried by Power Bl. Indeed, instead of provisioning a cluster so
that Power Bl can query your data lake, a SQL serverless pool is available whenever you need it.

Query and transform data
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NOTE SQL SERVERLESS POOL BEST PRACTICES

Make sure you review the best practices to get the best results out of SQL server-
less pools: https://learn.microsoft.com/en-us/azure/synapse-analytics/sql/
best-practices-serverless-sql-pool.

EXAMPLE OF HOW TO USE IT
To see how to use SQL serverless pools, let's open our Synapse Studio:

1. Go to the Develop menu, as shown in Figure 2-9.

FIGURE 2-9 Develop menu in Synapse Studio

2. Select + > SQL script, as shown in Figure 2-10.

@ Synapselive  ~ “Z Validateall (T) Publish all

Develop + v «
i EF saL script I

I Y Filter resources by name

£

L KQL script

5] Notebook

&0 Data flow

(& Apache Spark job definition
2 Browse gallery

<l Import

FIGURE 2-10 The Develop menu with its various capabilities
3. Inthe menu above the first line of the script, verify that you are connected to the Built-

in compute. Built-in is the name of the SQL serverless pool automatically created for
you when you create an Azure Synapse Analytics resource.

Skill 2.1: Query data by using Azure Synapse Analytics
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4. Using the OPENROWSET function, query the previously loaded taxi dataset, and display the
top 10 rows:
SELECT TOP 10 *

FROM OPENROWSET (

BULK 'https://yoursynapseresource.dfs.core.windows.net/yourfilestore/
synapse/workspaces/green_tripdata_2022-01.parquet’,
FORMAT = 'PARQUET' ) AS [result]

5. Select Run.

After a few seconds—the start-up time is much less than for the Apache Spark pool—you
should see a table with the first 10 rows of the dataset, as shown in Figure 2-11.

VendoriD Ipep_pickup_d...  Ipep_dropoff ..  store.and fwd.. RatecodelD PULocationiD DOLocationiD passenger_count  trip_distance fare_amount
2 164099606100 164099613300, N 1 2 22 1 044 35

1 164099645500.. 164099697800 N 1 116 41 1 21 95

1 164099862200,  164099959400.. N 1 a 140 1 37 145

2 164000566200.. 164090615700 N 1 181 181 1 160 2

2 164099567000.. 164099693200 N 1 33 170 1 626 22
1 164099807700, 164099844900, N 1 150 210 1 13 7
2 164099601800.. 164099723000 N 1 65 67 1 647
2 164099778000 164099816000, N 1 40 195 1 115 6
2 164099766400.. 164099802400 N 1 12 80 1 13 5

2 164099826700..  164099937100.. N 1 256 186 1 475 17

FIGURE 2-11 Results from querying the dataset with a SQL serverless pool

EXAM TIP

Itis important to understand how the function OPENROWSET works and how to use it. If you
need more review, please consult the documentation here: https://learn.microsoft.com/
en-us/sql/t-sql/functions/openrowset-transact-sql?view=sql-server-ver16.

Concepts about SQL dedicated pools

Synapse SQL dedicated pools differ from serverless in two major ways: first, because of its
dedicated nature it needs to be provisioned, and second, data can be ingested in a SQL
dedicated pool.

When provisioning the pool, you will have to define its size in DWUs (data warehousing
units). A DWU is an abstraction representing a unit that combines CPU, memory, and I/O.

To ingest data into the dedicated pool, you can use T-SQL to query data from external
sources. This is possible thanks to PolyBase, a virtualization feature that allows you to query
data from various sources without the need to install a client connection software.

Table partitioning is an important topic to review for SQL dedicated pools.

ROUND-ROBIN DISTRIBUTION

Round-robin will favor data writes, not reads, so it is suitable for rapidly loading data and
therefore suitable for staging tables. It randomly distributes table rows evenly across all nodes.
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Querying data distributed in a round-robin fashion, particularly with joins, will yield poor per-
formance. To accomplish that, it's better to use hash distribution.

HASH DISTRIBUTION

Hash distribution won't distribute rows randomly, but rather it will use a deterministic hash
function to assign each value to a node. If two values are the same, they will be assigned to
the same node. This is important to remember when choosing the column used for partition-
ing. If a column has skew—that is, many times the same value—one node will be a hot spot
(overused) and the other nodes will barely have any data on them. So it's important to choose
a column evenly distributed. The hash distribution is typical for large fact tables. For smaller
tables, like dimensions, there is a third option.

REPLICATED DISTRIBUTION

As its name indicates, replicated distribution will copy the table in each node. That could be
seen as a waste of space, but in a distributed workload that's a huge performance boost, since
data doesn’t need to move around if each node already has it. This is only possible if the table
is small, so typically this distribution is used for dimension tables. The general guidance is to
use replicated for tables smaller than 2 GB.

Recommend appropriate file types for querying serverless
SQL pools

Synapse serverless SQL pool scales automatically and doesn't need you to provision anything.
That's why it's great for unpredictable workloads and logical data warehousing. You pay
depending on how much data you query. Moreover, it's important to remember that Synapse
is catering for your analytics needs, not your operational needs. This affects the access patterns
appropriate for Synapse serverless SQL pools. For example, an online transaction processing
(OLTP) workload, updating or reading all columns of a single row, is not the appropriate use
case. Analytics needs mean online analytical processing (OLAP), in other words, querying a
large number of rows, on a limited number of columns, often with some aggregations per-
formed. The ideal access pattern will be important in your choice of file to query for Synapse
Analytics.

Typically three different file types can be queried with SQL serverless pools: CSV, JSON,
and Parquet. CSV (comma-separated values) files are common in many businesses. JSON
(JavaScript Object Notation) files are common in web applications. And Parquet files are
common for analytics applications.

The syntax is the same to query them, making use of the 0OPENROWSET function:

SELECT *FROM OPENROWSET (
BULK "https://mydatalake.blob.core.windows.net/data/files/*.csv',
FORMAT = 'csv') AS rows

Why is Parquet recommended for analytics? It comes down to the access pattern. Parquet
files store the data in a columnar format, whereas JSON and CSV store files in a row format. This
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has two implications. First, accessing the data for OLAP queries is faster with columnar format,
because the data we want to query (the whole column) is physically stored next to each other.
With a CSV or JSON file, the data of the same column would be physically scattered. Second,
the data is generally more homogenous in a column than in a row. Indeed, usually a row con-
tains multiple data types, so there will be a mix of data. In a column the data has the same type
and can be similar or even identical sometimes. This leads to greater potential for compression.
That is why Parquet files are recommended for analytics workloads.

NOTE DELTA

In 2020, a new file format named Delta was released open source. It extends Parquet and
includes ACID transactions. It is compatible with Synapse Analytics and is the recommended
file format if you work with Spark pools.

How to query Parquet files
To review how to query a Parquet file, let’s go back to our Synapse Studio:
1. Navigate to Develop > + > SQL script.
2. Make sure it is attached to Built-in, as a reminder, this is your serverless pool.

3. Using OPENROWSET, select the top 10 rows of your taxi dataset in a Parquet format:

SELECT

TOP 10 *

FROM

OPENROWSET (

BULK 'https:// your-storage.dfs.core.windows.net/ your-filestore /synapse/
workspaces/green_tripdata_2022-01.parquet’,

FORMAT = 'PARQUET'

) AS [result]

4. Select Run.

You should get the same results as before, as shown earlier in Figure 2-11.

Query relational data sources in dedicated or serverless SQL
pools, including querying partitioned data sources

SQL pools, whether dedicated or serverless, will test your knowledge of T-SQL. Here you will
learn how to query data, both with dedicated and serverless, and we will also consider parti-
tioned data.

To review how to use SQL dedicated pools, let's go back to our Synapse Studio and:
1.  Goto the Manage menu.
2. Under Analytics pools select SQL pools > + New.

3. Set Dedicated SQL Pool Name to a name of your choice
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4. Change the Performance level to DW100c; the default is DW1000c.
5. Select Review + create > Create.

The deployment of the dedicated SQL pool will take a few minutes. Next let’s look at how to
ingest the data into the dedicated pool:

6. GotoDevelop > + > SQL script.
7. Setthe Connect to option to your dedicated SQL pool, not to Built-in.

8. You caningest from the data lake to your SQL dedicated pool with the Copy statement.
You will need to replace the file address with your own address:

COPY INTO dbo.TaxiTrips

FROM 'https://your-storage.dfs.core.windows.net/your-filestore/synapse/workspaces/
green_tripdata_2022-01.parquet’

WITH

(

FILE_TYPE = 'PARQUET',

MAXERRORS = 0,

IDENTITY_INSERT = 'OFF',

AUTO_CREATE_TABLE = 'ON'

)

9. You can now run a SELECT on the newly created table in your dedicated pool. You will
see that the table has been populated with the data from the Parquet file.
SELECT TOP 10 * FROM dbo.TaxiTrips

10. Select Run.

You should now see the first 10 rows of the table, as shown in Figure 2-12.

VenderiD Ipep_pickup_d...  Ipep_dropoff_..  store and fwd.. RatecodelD PULocationID DOLocationID passenger_count  trip_distance fare_amount
2 164150222400,  164150244400.. N 1 42 42 2 086 5

1 164155400300..  164155446500.. N 1 7 239 1 14 75

2 164157484400, 164157512400.. N 1 74 41 2 084 5

2 164158892200..  164158921000.. N 1 255 255 1 058 5

1 164163003800,  164164217000.. N 1 55 181 1 0 3588

2 164165803000... 164165957600.. N 4 16 265 2 22.99 109.5

2 164167201000, 164167252000.. N 1 74 22 1 1 7

2 164172666000, 164172695300, N 1 7 7 1 056 5

1 164175019800, 164175177100, N 1 7 7 1 0 2438

2 164180474500,  164180525200.. N 1 74 152 1 12 7.5

FIGURE 2-12 Results from querying the populated table with Synapse Dedicated Pool

11. Don't forget to pause your dedicated SQL pool to limit the cost of this exercise.

Oftentimes, though, Parquet files are partitioned. To review and reproduce this use case,
we'll use the SQL serverless pool. So follow these steps:

1. Navigate to https://www.nyc.gov/site/tlc/about/tlc-trip-record-data.page and down-
load the February and March 2022 Green Taxi Trip Records.

2. InSynapse Studio, select Data > Linked > Azure Data Lake Storage Gen2.

3. Open your primary data store.
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4. With the + New folder command, create a folder structure in your data store

representing YEAR/MONTH, as shown in Figure 2-13.

Name

ED NewsaLscript v 84 Newdataflow B New integration dataset T Upload

& — v ‘I dpsoofilestorex7ny » synapse > workspaces »>| 2022

B11
B2
B3

FIGURE 2-13 The file store hierarchy in Synapse Studio

9.

Upload the datasets in their corresponding folders; you should have one Parquet file per
month.

To leverage the partitioning in your query, try to count how many records are in each
partition, using the OPENROWSET function, the Parquet format, and the * wildcard.

Run the query for Partitions 1and 2:

SELECT

COUNT (*)

FROM

OPENROWSET (

BULK 'https:// your-storage.dfs.core.windows.net/ your-filestore /synapse/
workspaces/2022/%/*.parquet',

FORMAT = 'PARQUET'

) AS TaxiTrips

WHERE TaxiTrips.filepath(1) IN ('1', '2")

Run the query for Partition 1:

SELECT

COUNT (*)

FROM

OPENROWSET (

BULK 'https://your-storage.dfs.core.windows.net/your-filestore/synapse/
workspaces/2022/*/*.parquet"',

FORMAT = 'PARQUET'

) AS TaxiTrips

WHERE TaxiTrips.filepath(1) IN ('1")

Check that the results are different.

You now know how to query a Parquet file containing partitions.

Use

a machine learning PREDICT function in a query

Finally, Synapse SQL dedicated pools can be used to consume a machine learning model. For
example, with our taxi dataset, we could have a model to predict the duration of the trip, based

70

Query and transform data



on the pickup location and the time of day. Having the ability to score, or consume, the model
directly in Synapse Analytics is useful because we don't need to move the data outside of our
data analytics platform. To score our model, we will use the PREDICT function.

However, a Synapse SQL dedicated pool doesn't have the ability to train a machine learn-
ing model. So to use the PREDICT function, we will need to have the model trained outside of
Synapse SQL. We could, for example, train the model in a Synapse Spark pool or in another
product like Azure Machine Learning.

The trained model will need to be converted to the ONNX (Open Neural Network
Exchange) format. ONNX is an open source standard format, with the very purpose of enabling
exchange of models between platforms.

Load a model in a Synapse SQL dedicated pool table

The model has to be stored in a dedicated SQL pool table, as a hexadecimal string in a
varbinary(max) column. For instance, such a table could be created with this:

CREATE TABLE [dbo].[Models]

(

[Id] [int] IDENTITY(1,1) NOT NULL,
[Mode1] [varbinary](max) NULL,
[Description] [varchar](200) NULL

)
WITH

(
DISTRIBUTION = ROUND_ROBIN,
HEAP

)
GO

where Model is the varbinary(max) column storing our model, or models, as hexadecimal
strings.
Once the table is created, we can load it with the copy statement:

COPY INTO [Models] (Model)

FROM '<enter your storage location>'

WITH (

FILE_TYPE = 'CSV',

CREDENTIAL=(IDENTITY= 'Shared Access Signature', SECRET='<enter your storage key here>")
)

We now have a model ready to be used for scoring.

Scoring the model

Finally, the PREDICT function will come into play to score the model. Like any machine learning
scoring, you will need the input data to have the same format as the training data.

The following query shows how to use the PREDICT function. It takes the model and the data
as parameters.

DECLARE @model varbinary(max) = (SELECT Model FROM Models WHERE Id = 1);
SELECT d.*, p.Score
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FROM PREDICT(MODEL = @model,
DATA = dbo.mytable AS d, RUNTIME = ONNX)
WITH (Score float) AS p;

NEED MORE REVIEW? THE PREDICT FUNCTION

The full documentation for the PREDICT function can be found here: https://learn.microsoft.
com/en-us/sql/t-sql/queries/predict-transact-sql?view=sql-server-veri5.

Skill 2.2: Ingest and transform data by using Power Bl

Power Bl includes Power Query, which is an extract-transform-load (ETL) tool that uses the M
language. M is a functional, case-sensitive language that, unlike DAX, does not resemble Excel
formula language in any way, and differs from DAX in important ways, too. In this section,
we'll look at the problems you may need to solve when working with large amounts of data in
Power Query.

When the volume or number of data sources is significant, you may face performance
degradation. There are tools within Power Query that will help you identify the performance
problems, and later we'll review the techniques you can use to improve performance.

In addition to Power Bl Desktop, Power Query is available in Power Bl dataflows, and we'll
review when you'd want to use dataflows and what you'd need to consider when using them.

Combining data from different data sources will lead to data privacy issues, which we'll also
discuss later in this chapter.

Finally, we'll discuss how you can use Advanced Editor to write your own queries and functions,
and how you can query some of the more complex data sources by using Power Query.

NOTE COMPANION FILE

Most of the Power Query queries shown in this chapter are available in the companion
PBIX file.

This skill covers how to:

m |dentify data loading performance bottlenecks in Power Query or data sources
®m Implement performance improvements in Power Query and data sources

m Create and manage scalable Power Bl dataflows

= |dentify and manage privacy settings on data sources

m Create queries, functions, and parameters by using the Power Query Advanced
Editor

m  Query advanced data sources, including JSON, Parquet, APIs, and Azure Machine
Learning models
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Identify data loading performance bottlenecks in Power
Query or data sources

Several reasons could be responsible for poor performance when connecting to data in Power
BIl. Power Bl Desktop has a few features that can help identify those issues.

View native query

When you get data in Power Bl from some data sources, like databases, Power Query will do
its best to translate the transformations you perform into the native language of the data
source—for example, SQL. This feature of Power Query is known as query folding. Most of the
time, this will make getting data more efficient. For instance, if you connect to a database and
get a subset of columns from a table, Power Query may only retrieve those columns from the
data source instead of loading all columns and then locally removing the ones you don't want.

In some cases, it may be possible to view the query that Power Query sent to the data
source to retrieve the data you wanted. For this, you need to right-click a query step in Power
Query Editor and select View Native Query. The window that opens looks like Figure 2-14.

O X
Native Query

select [_].[Datevalue],
[_].[CustomersSKey],
[_].[ProductsKey],
[_1-[Quantity],
[_].[Price]

from

select [Datevalue],
[CustomersKey],
[ProductsKey],
[Quantity],
[Price]
from [dbo].[fct _Sales] as [$Table]
) as [_]

where [_].[Datevalue] »= convert(date, '20823-01-01")

FIGURE 2-14 Native Query window

In the query shown in Figure 2-14, we connected to a SQL Server database, applied a filter,
and selected a few columns. Because these operations can be translated to SQL, Power Query
decided to do the transformations in the source instead of performing them after loading the
whole table, which led to better performance.

You cannot edit the native query; it is provided for your information only. If you want Power
Bl to issue a specific query, you must provide a SQL statement when connecting to a database.

Skill 2.2: Ingest and transform data by using Power Bl
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If the View Native Query option is grayed out, it means that the data source does not
support query folding or that some query step could not be translated into the data source’s
native language. For example, if we applied the Clean transformation to a text column, the
query would not fold, because there is no direct equivalent in SQL yet.

IMPORTANT POWER QUERY STEPS ORDER

The order of steps in Power Query matters. If you must have a transformation that cannot be
folded, it's best to reorder your steps to fold as many steps as possible.

Query diagnostics

Power Bl contains the query diagnostics toolset, which can help you identify performance
bottlenecks. Query diagnostics allow you to see the queries that you emit while authoring

or refreshing a dataset. They are especially useful for working with data sources that support
query folding. By using query diagnostics, you can look at all queries that happen during data
refreshes or while you author queries, or you can analyze a single step in detail.

To learn how to use query diagnostics, you'll connect to an OData feed first. It's a feed from
Microsoft based on their fictitious AdventureWorks company.

1. Create a new Power Bl Desktop file.
2. Select Get data (or New Source if you're already in Power Query Editor) > OData feed.

3. Enter https://services.odata.org/AdventureWorksV3/AdventureWorks.svc in the
URL box and select OK.

4. If prompted, in the credentials window, ensure Anonymous is selected and select
Connect.

5. Select the CompanySales check box in the Navigator window and select Transform
Data or OK if you're already in Power Query Editor.

Now that you are connected to an OData feed, you can apply some transformations and
see the effect on our query. To start recording traces in Power Query, select Start Diagnostics
on the Tools ribbon; when finished, select Stop Diagnostics. Alternatively, you can analyze a
single step—for this, you must select the Diagnose Step button on the Tools ribbon, or you
can right-click a step and select Diagnose. We are going to analyze a single step in the follow-
ing way:

1. Filter the ProductCategory column to Bikes by using the filter button on the column
header.

2. Right-click the ProductCategory column header and select Remove.
3. Inthe Query Settings pane, right-click the last step and select Diagnose.

After Power Query finishes recording the traces, it creates a new query group called
Diagnostics (as in Figure 2-15, which contains several queries whose names start with Compa-
nySales_Removed Columns, all ending with the current date and time). The queries are sources
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from JSON files stored locally on your computer. The Detailed query contains more rows and
columns than the Aggregated query, which is a summary query.

Among other information available in the recorded traces, you will see the time it took for a
query to run and whether a native query was sent to a data source, which can help you under-
stand if query folding took place. In Aggregated and Detailed queries, you can find the Data
Source Query column, which contains the query sent to the data source, if available.

Occasionally, you won't be able to see the native query by using the View Native Query
feature discussed earlier in this chapter, but you will see a native query sent to a data source
when using query diagnostics. We can check whether query folding took place by following

these steps:

1. Inthe Aggregated diagnostics query, filter the Operation column to only include

CreateResult.

2. Gotothe Data Source Query column and select the only column cell. You should see

the result shown in Figure 2-15.
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Al Properties
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PREVIEW DOWNLOADED AT 16:50

o X

FIGURE 2-15 Native query sent to OData feed

The full query is as follows:

Note that query folding occurs; the filter we placed on the ProductCategory column is
included in the query and the ProductCategory column is not included in the query result. If
you only relied on the View Native Query feature, you would not see the query because the

option would be grayed out.
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Some query diagnostics may require that you run Power Bl Desktop as administrator. If you
are unable to record some traces, like full data refreshes, due to IT policies, you can still record
traces when previewing and authoring queries in Power Query Editor. For this, go to File >
Options and settings > Options > Global > Diagnostics > Query diagnostics and select
Enable in Query Editor.

NEED MORE REVIEW? USING QUERY DIAGNOSTICS

For advanced information on how you can use the feature, including details on how to under-
stand and visualize the recorded traces, see “Query Diagnostics” at https://learn.microsoft.
com/en-us/power-query/QueryDiagnostics.

Implement performance improvements in Power Query
and data sources

If your Power Query queries need to be improved in terms of performance, the techniques
you'll use will highly depend on the data sources you're using and how you're using them. In
this section, we'll explore a few methods of improving the data loading performance, divided
into four parts:

m General advice
m  Working with files
m  Working with foldable data sources

m Improving the merge operations

General advice

In almost every situation, you want to load only the data you need. You should filter the data
and remove columns as early as possible. Many operations in Power Query are performed in
memory, and less data translates into better performance.

If you can choose, in many cases you should use table functions instead of operating on lists
and records because Power Query includes some built-in optimizations that can make use of
table functions.

When working with tables or lists that are referenced multiple times, you may improve per-
formance by using Table.Buffer or List.Buffer, respectively. Buffering functions store data in
memory and ensure that data isn't read multiple times from the source. When buffering data,
you should note two things: first, buffering prevents query folding, so if you're working with
foldable data source and buffer a table, then further transformations won't be folded even if
they could be folded without buffering. Second, only scalar values are buffered; if your table or
listincludes nested structures such as records or other lists or tables, then those values won't
be buffered, and if you need them later, then your data source will be read again.

Depending on the nature of your data sources and how you're using them, you may
want to edit the Parallel loading of tables parameter in the current file data load settings
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(File > Options and settings > Options > Current File > Data Load), where the default
value is 6, meaning six tables are going to be loaded in parallel at most. If your data model con-
tains more than six tables, which take a long time to refresh, you can try to set a custom param-
eter value higher than 6, allowing more tables to load in parallel, and your data model may
refresh more quickly as a result. On the other hand, if you're getting some data from a web API
and then reference the data a few times, you may want to disable parallel loading, because that
way the APl may be called fewer times, resulting in better data refresh performance.

In case you've got a slow data source that’s updated less frequently than you refresh your
dataset, you may benefit from loading data to a dataflow first and then loading it to your data-
set. Dataflows are discussed in the next section.

Working with files

If you work with Excel files, then you should ensure the third parameter of Excel.Workbook is set
to true to leave the column types untyped, which can make reading the files quicker.

If you can choose the file types you work with, then instead of Excel you may want to choose
CSVs. While sometimes Excel files may be smaller than the equivalent CSV files, the latter are
simpler in structure and therefore faster to read.

While Parquet and CSV files offer approximately the same performance, Parquet files are
smaller, which may be relevant when you're using a gateway to access files from your com-
pany’s network.

Working with foldable data sources

If you can make use of incremental refresh, then it may decrease the data refresh times substan-
tially. We'll discuss incremental refresh in Chapter 3, “Implement and Manage Data Models.”

In general, you should push as many transformations as you can as close to the data source
as possible, because in many cases data sources may perform data operations more efficiently
than Power Query. Some transformations may still fold, even if the View native query option
of the step is grayed out, as discussed earlier in this chapter in the “Query diagnostics” sec-
tion. For example, if you need to filter some SQL data based on a data source of a different
type, like Excel, then instead of merging tables, you should use a native query and make use
of the wHERE clause in SQL. For example, the following query applies a filter on the pbi .Prod-
uct table from a SQL database based on a list of items from a different Power Query query,

ProductSubCategories:
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Improving the merge operations

When you merge two tables and one table has a unique key, you should add a key to it. While
it's possible to use the Table.AddKey function in Power Query, doing so won't guarantee
uniqueness; it's preferable to remove duplicates from the key column or columns, which will
add a key automatically and improve the merge performance.

While you should not keep data you don't need in general, it's especially important in case
of merges; since merges take place in memory, fewer columns mean quicker merges. You can
remove columns before the merge or immediately after, and the performance gains are going
to be similar.

If you work with data that has its keys pre-sorted, then instead of Table.NestedJoin, you can
use Table.Join with JoinAlgorithm.SortMerge as the last parameter. Note that if your data isn't
sorted, then you're going to get unexpected results without any error message.

Create and manage scalable Power Bl dataflows

In addition to Power Bl Desktop, Power Query can be found in the Power Bl service: you can
prep, clean, and transform data in dataflows. Dataflows can be useful when you want your
Power Query queries to be reused across your organization without necessarily being in the
same dataset. For this reason, you cannot create a dataflow in your own workspace, because
only you have access to it.

To create a dataflow in a workspace, select New >Dataflow. From there, you have several
choices:

m  Add new tables—Define new tables from scratch by using Power Query.

m  Add linked tables—Linked entities are tables in other dataflows that you can reuse to
reduce duplication of data and improve consistency across your organization.

= Import model—If you have a previously exported dataflow model file, you can
import it.

m Create and attach—Attach a Common Data Model folder from your Azure Data Lake

Storage Gen2 account and use it in Power BI.

The Power Query Online interface looks similar to Power Query Editor in Power Bl Desktop
and is shown in Figure 2-16.

Once you finish authoring your queries, you can select Save & close and enter the name
of the new dataflow. After saving, you'll need to refresh it by selecting Refresh now from the
dataflow options in the workspace—otherwise it won't contain any data. When a dataflow
finishes refreshing, you can connect to it from Power Bl Desktop and get data from it.

Query and transform data
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FIGURE 2-16 Power Query interface when editing a dataflow

If you transform data in dataflows, for best performance you may want to separate data
extraction and transformation into different dataflows, which is especially helpful in case of
slow data sources. If you then enable the enhanced compute engine in the dataflow settings,
the transformations will be performed in a more efficient way.

When you used linked tables, the dataflow that depends on a linked table will be automati-
cally refreshed when you refresh the dataflow that contains the original table.

Similar to datasets, you can configure incremental refresh in dataflows. We'll review incre-
mental refresh in the next chapter.

Identify and manage privacy settings on data sources

When you combine data from different data sources, it is important to set the privacy levels
correctly. Privacy levels determine the rules according to which data will be combined. These
rules may affect the performance of queries, and in some cases, queries will not be executed
at all if it is not permitted by privacy levels. To illustrate what happens in an example, we are
going to filter an OData table by using data from a CSV file by performing the following steps:
1. Get the data from https://raw.githubusercontent.com/DaniilMaslyuk/DP-500/
main/ProductSubcategory.csv.

2. Right-click the Column1 column header and select Drill Down.

3. Create a new parameter by selecting Manage Parameters > New Parameter, as
shown in Figure 2-17.

Skill 2.2: Ingest and transform data by using Power Bl 79
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%%sql magic command, 217-218
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accessibility, Power Bl report, 238
alt text, 239
markers, 239
page names, titles, and labels, 238-239
tab order, 239
theme and color selection, 240
ACID (Atomicity, Consistency, Isolation, and
Durability), 58
activity log, 21
ADLS Gen2 (Azure Data Lake Storage Gen2), Power Bl
integration, 31
configure storage at the tenant level, 31-32
configure storage at the workspace level, 32
admin API, 8,18
advanced networking settings, Power Bl, 19
aggregation table, 191-192
Al Insights, 96-97
ALL function, 134-137
ALLSELECTED function, 176
ALM (application lifecycle management), 38-39
alt text, 239
Apache Spark, 33, 58
API, 90-91
activity log, 21
openFDA, 91-93
use List.Generate function, 95-96
use total number of records, 93-95
Power BI REST, 46
architecture
Azure Synapse Analytics, 58
Azure Synapse SQL, 63-64
assigning a workspace, 43

audit and usage settings, Power BI, 17
automatic page refresh, 243
change detection, 244-245
fixed interval, 243
automation
Cl/CD (continuous integration/continuous
delivery), 36
monitoring, 21
Azure AD, creating a security group, 67
Azure Data Lake, connecting to Microsoft
Purview, 5-6
Azure DevOps Git, connecting to Azure Synapse
Analytics, 37-38
Azure Spark pool. See Spark pool
Azure SQL database, connecting to Microsoft
Purview, 4-5
Azure Synapse Analytics, 33-34
architecture, 58
connecting a source control repository, 36
Azure DevOps Git, 37-38
GitHub, 31-37
exploring data, 215
identifying data sources in, 11
linking a Power Bl workspace, 34
Power Bl integration, 34
query engines, 58
Spark pool, 59
cluster manager, 59
executors, 59
features, 59-60
how to use, 60-63
SQL. See also SQL
architecture, 63-64
data visualization, 219-220
dedicated pools, 66-67
querying relational data sources, 68-70
serverless pools, 64-66
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binning, 123-126
BLANK function, 110
browsing

collections, 9

data sources, 9-10
buffering functions, 76

C

CALCULATE function, 129-130, 172-176
calculated columns
binning, 123-126
circular dependencies, 131-132
formulas, 111-113
fully qualified syntax, 113
grouping values, 120-126
versus measures, 169
primary key, 131-132
row context, 128-129
sort by another column error, 121-122
using functions in, 113-119
variables, 127-128
calculated tables, 132
ALL function, 134-137
CALCULATETABLE function, 137-138
CALENDAR function, 151-153
CALENDARAUTO function, 151-153
CROSSJOIN function, 147-149
DATATABLE function, 163-165
DISTINCT function, 138-139
EXCEPT function, 157-158
FILTER function, 132-134
GENERATE function, 147-149
GENERATEALL function, 147-149
GENERATESERIES function, 149-151
inactive relationships, 185
INTERSECT function, 155-157
NATURALINNERJOIN function, 159-161
NATURALLEFTOUTERJOIN function, 161-163

passing filters from disconnected tables, 186-188

ROW function, 153-154
SELECTCOLUMNS function, 143-145
SUMMARIZE function, 139-143
SUMMARIZECOLUMNS function, 139-143
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TOPN function, 145-147
UNION function, 154-155
VALUES function, 138-139
variables, 165-166
CALCULATETABLE function, 131, 137-138
calculation groups
calculation item properties, 107
creating, 105-108
DAX functions, 107-108
CALENDAR function, 151-153
CALENDARAUTO function, 151-153
capacity, Power Bl settings, 23-24
change detection refresh, 244-245
Cl/CD (continuous integration/continuous delivery), 36
circular dependencies, 131-132
Classification menu, Microsoft Purview, 10
cluster manager, 59
cmdlet
Get_PowerBIlActivityEvent, 21
Install-Module-Name MicrosoftPowerBIMgmt, 46
collections, browsing, 9
color themes, 240
combining functions, 182-184
commands, magic, 217-218
composite models, 190-192
connecting
to advanced data sources
JSON, 88
Parquet, 89-90
XML, 88-89
data source
Azure Data Lake, 5-6
Azure SQL database, 4-5
to a dataset, 233-234
to OData feed, 74
content pack and app settings, Power Bl, 16
COUNT function, 170
COUNTBLANK function, 170-171
counting values in DAX, 169-172
creating
Azure AD security group, 6-7
calculation groups, 105-108
dataflow, 78
deployment pipeline, 41-42
paginated reports, 245-246
R visuals, 229-231
roles, 192-194
CROSSJOIN function, 147-149
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D markers, 239
personalization, 241-242
dashboard, Power B, settings, 17 perspective, 242
data asset. See also data source Power BI, 220-221
Azure Data Lake, connecting to Microsoft create and import a custom report theme,
Purview, 5-6 221-222
Azure SQL database, connecting to Microsoft edit a theme JSON file, 224-225
Purview, 4-5 theme editor, 223
browsing, 9-10 third-party theme tools, 225-226
identifying, 8 Python, 226
registering, 3-4 creating, 231-233
requesting access, 10-11 Matplotlib, 218-219
data governance, 1, 2. See also Microsoft Purview requirements, 226-227
data model/ing, 101 work in script editors, 226227
composite, 190-192 R, 226
DAX Studio, 103-104 creating, 229-231
denormalization, 209 requirements, 226-227
DirectQuery, 102 work in script editors, 226-227
advantages, 102 Spark show() and display() functions, 216-217
disadvantages, 102-103 dataflow
efficiency, 203 creating, 78
importing data, 102 Power Bl settings, 18
optimizing, 202-203 transforming data, 79
tabular datamart settings, Power Bl, 19
calculation item properties, 107 dataset
create calculation groups, 105-108 connecting to, 233-234
DAX functions, 107-108 large format, 189-190
Tabular Editor 2, 104-105 querying, 234-235
data source security, Power Bl settings, 19
adding to a gateway, 28-29 shared, 51-52
DirectQuery, 102 DATATABLE function, 163165
foldable, 77 date and time functions, 118-119
gateway, user management, 29-30 DATEADD function, 181
identifying data loading performance DATESBETWEEN function, 184
bottlenecks, 73 DATESINPERIOD function, 184
performance improvements, 7677 DATESYTD function, 177-178
privacy settings, 79-83 DATEVALUE function, 109
data types DAX, 101, 108
DAX, 109-110 calculated columns
M, 84-86 binning, 123-126
Power Query circular dependencies, 131-132
list, 84—-85 formulas, 111-113
record, 84-85 grouping values, 120-126
table, 86-87 versus measures, 169
data visualization. See also report primary key, 131-132
Azure Synapse SQL results pane, 219-220 sort by another column error, 121-122
color, 240 using functions in, 113-119
magic commands, 217-218 variables, 127-128
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DAX, continued

calculated tables, 132
ALL function, 134-137
CALCULATETABLE function, 137-138
CALENDAR function, 151-153
CROSSJOIN function, 147-149
DATATABLE function, 163-165
DISTINCT function, 138-139
EXCEPT function, 157-158
FILTER function, 132-134
GENERATE function, 147-149
GENERATEALL function, 147-149
GENERATESERIES function, 149-151
inactive relationships, 185
INTERSECT function, 155-157
NATURALINNERJOIN function, 159-161
NATURALLEFTOUTERJOIN function, 161-163
passing filters from disconnected tables, 186-188
ROW function, 153-154
SELECTCOLUMNS function, 143145
SUMMARIZE function, 139-143
SUMMARIZECOLUMNS function, 139-143
TOPN function, 145-147
UNION function, 154-155
VALUES function, 138-139
variables, 165-166

counting values, 169-172

data types, 109-110

explicit type conversion, 109

functions, 107-108
ALL, 134137
ALLSELECTED, 176
AND, 111
BLANK, 110
CALCULATE, 129-130, 172-176
CALCULATETABLE, 131, 137-138
CALENDAR, 151-153
CALENDARAUTO, 151-153
CALENDARAUTO function, 151-153
combining, 182-184
COUNT, 170
COUNTBLANK, 170-171
CROSSJOIN, 147-149
DATATABLE, 163-165
date and time, 118119
DATESBETWEEN, 184
DATESINPERIOD, 184
DATEVALUE, 109
DISTINCT, 138-139

DISTINCTCOUNT, 171172
evaluation context, 128-131
EXCEPT, 157-158

FILTER, 132-134

filter context, 128

FIND, 114-115

FIRSTDATE, 184

FORMAT, 109-110

GENERATE, 147-149
GENERATEALL, 147-149
GENERATESERIES, 149-151

IF, 120-121

IFERROR, 115-116

INTERSECT, 155157

ISBLANK, 110

LASTDATE, 184

LEFT, 114

LEN, 114

LOOKUPVALUE, 119-120
mathematical, 117-118
NATURALINNERJOIN, 159-161
NATURALLEFTOUTERJOIN, 161-163
NOT, 1M
OPENINGBALANCEMONTH, 179-180
OR, 1M1

RELATED, 113

RELATEDTABLE, 113

ROW, 153-154

row context, 128-129
SELECTCOLUMNS, 143-145
SELECTEDVALUE, 186
SUBSTITUTE, 116

SUM, 129

SUMMARIZE, 139-143
SUMMARIZECOLUMNS, 139-143
SUMX, 168-169

SWITCH, 121, 122-123

TOPN, 145-147

UNION, 154-155

VALUES, 138-139

implicit type conversion, 109
measures, 167-169

versus calculated columns, 169
semi-additive, 179

null values, 110
operators, 110111

query

DEFINE keyword, 235-236
EVALUATE statement, 234-235



ORDER BY keyword, 236
parameters, 237
START AT keyword, 236
Time Intelligence, 177
DATESYTD function, 177-178
TOTALYTD function, 178
troubleshooting performance issues, 202
DAX Studio, 103-104
dedicated pools, 66-67
hash distribution, 67
machine learning model
loading, 71
scoring, 71-72
PREDICT function, 70-71
replicated distribution, 67
round-robin distribution, 66-67
DEFINE keyword, 235-236
Delta, 68
denormalization, 209
deployment
rules, 44—45
strategy, Power Bl asset, 38-39
deployment pipeline, 40-41
assigning workspaces, 43
creating, 41-42
develop and test content, 43-45
licensing, 41
developer settings, Power B, 17-18
development, 38
DevOps, 35, 36
Cl/CD (continuous integration/continuous
delivery), 36
deployment pipeline
assigning workspaces, 43
creating, 41-42
develop and test content, 43-45
implement and manage in
Power Bi, 40-41
DirectQuery, 102
advantages, 102
composite models, 190-192
disadvantages, 102-103
discovery settings, Power BI, 15
display() function, 216-217
DISTINCT function, 138-139
DISTINCTCOUNT function, 171-172
DWU (data warehousing unit), 66
dynamic row-level security, 195-197

E

efficiency, data model, 203

ETL (extract-transform-load), 72
EVALUATE statement, 234-235
evaluation context, 128-131

Excel files, working with, 77
EXCEPT function, 157-158
executors, 59

explicit type conversion, DAX, 109

exploring data, using Azure Synapse Analytics, 215

export and sharing settings, Power Bl, 14-15
external tools
DAX Studio, 103-104
Tabular Editor 2, 104-105
calculation groups, creating, 105-108

F

FILTER function, 132-134
filters
context, 128
passing from disconnected tables, 186-188

RangeStart and RangeEnd parameters, 206-207

FIND function, 114-115
FIRSTDATE function, 184
fixed interval page refresh, 243
foldable data sources, 77
FORMAT function, 109-110
formulas, calculated column, 111-113
fully qualified syntax, 113
AND function, 111
OR function, 1M1
function, 87. See also Time Intelligence
buffering, 76
combining, 182-184
DAX, 107-108
ALL, 134-137
ALLSELECTED, 176
AND, 1M1
BLANK, 110
CALCULATE, 129-130, 172-176
CALCULATETABLE, 131,137-138
CALENDAR, 151-153
CALENDARAUTO, 151-153
COUNT, 170
COUNTBLANK, 170171
CROSSJOIN, 147-149
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function, continued list, 84-85
DATATABLE, 163-165 List.Generate, 95-96
date and time, 118119 OPENROWSET, 66
DATEADD, 181 PREDICT, 70-72
DATESBETWEEN, 184 Spark
DATESINPERIOD, 184 display(), 216-217
DATESYTD, 177-178 show(), 216-217
DATEVALUE, 109 using in calculated columns, 113-119
DISTINCT, 138-139 Web.Contents, 90

DISTINCTCOUNT, 171-172
evaluation context, 128-131

EXCEPT, 157-158 G

FILTER, 132-134

filter context, 128 gateway

FIND, 114-115 adding a data source, 28-29
FIRSTDATE, 184 cluster, 27

FORMAT, 109-110 configuring, 24-25

GENERATE, 147-149 installing, 25-27

GENERATEALL, 147-149 manage data source users, 29-30
GENERATESERIES, 149-151 personal mode, 26

IF, 120121 settings, 27

IFERROR, 115-116 standard mode, 25

INTERSECT, 155-157 tenant administration, 25-26
ISBLANK, 110 user management, 27-28
LASTDATE, 184 using, 30-31

LEFT, 114 VNet (virtual network), 26

LEN, 114 GENERATE function, 147-149
LOOKUPVALUE, 119-120 GENERATEALL function, 147-149
mathematical, 117-118 GENERATESERIES function, 149-151
NATURALINNERJOIN, 159-161 Get_PowerBIActivityEvent cmdlet, 21
NATURALLEFTOUTERJOIN, 161-163 GitHub, connecting to Azure Synapse Analytics, 37-38
NOT, 111 grouping values, 120-126
OPENINGBALANCEMONTH, 179-180

OR, 111

RELATED, 113

RELATEDTABLE, 113 H

ROW, 153-154

hash distribution, SQL dedicated pool, 67
help and support settings, Power BI, 13
hiding, personally identifiable information, 21
how to use

Spark pool, 60-63

SQL serverless pool, 60-63

row context, 128-129
SELECTCOLUMNS, 143-145
SELECTEDVALUE, 186
SUBSTITUTE, 116

SUM, 129

SUMMARIZE, 139-143
SUMMARIZECOLUMNS, 139-143
SUMX, 168-169

SWITCH, 121, 122-123 I
TOPN, 145-147
TOTALYTD, 178
UNION, 154-155
VALUES, 138-139

identifying, data sources, 8
IF function, 120-121
IFERROR function, 115-116
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impact analysis, 45-46
implicit type conversion, DAX, 109
inactive relationships, 185
incremental refresh, 204
creating the RangeStart and RangeEnd
parameters, 205-206
filtering by using the RangeStart and RangeEnd
parameters, 206207
policy, 207-208
information protection settings, Power BI, 13
insights, Power Bl settings, 19
installing, Power Bl gateway, 25-27
Install-Module-Name MicrosoftPowerBIMgmt
cmdlet, 46
integration settings, Power Bl, 1617
IntelliSense, 112
INTERSECT function, 155-157
ISBLANK function, 110
ISSELECTEDMEASURE function, 107

J-K

JSON
editing a theme file, 224-225
querying, 88
keyword
DEFINE, 235-236
ORDER BY, 236
START AT, 236

L

large format dataset, 189-190
LASTDATE function, 184
LEFT function, 114
LEN function, 114
let/in expressions, 83-84
licenses
deployment pipeline, 41
features, 23
performance differences, 22-23
Power BI, 22
Lineage tab, Microsoft Purview, 10
List.Generate function, 95-96
lists, 84—85

monitoring

loading, machine learning model to Synapse SQL
dedicated pool table, 71
LOOKUPVALUE function, 119-120

M

M, 83
data types, 84-86
list, 84-85
record, 86
table, 86-87
functions, 87
let/in expressions, 83-84
parameters, 87
machine learning model
load to a Synapse SQL dedicated pool table, 71
scoring, 71-72
magic commands, 217-218
markers, 239
mathematical functions, 117-118
Matplotlib, 218-219
measures, 167-169
CALCULATE function, 172-176
versus calculated columns, 169
query-level, 235
semi-additive, 179
merge operations, 78
metrics, Power B, settings, 19
Microsoft Purview, 2—-3
Classification menu, 10
collection path, 10
collections, browsing, 9
data source
Azure Data Lake, connecting, 5-6
Azure SQL database, connecting, 4-5
browsing, 9-10
identifying, 8
registering, 3—4
Lineage tab, 10
Open in Power Bl Desktop feature, 11
Overview tab, 10
Schema tab, 10
search bar, 9
using in Azure Synapse Studio, 11
monitoring
automating, 21
Usage Metrics report, 20-21
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N

NATURALINNERJOIN function, 159-161
NATURALLEFTOUTERJOIN function, 161-163
networking, Power Bi settings, 19. See also VNet (virtual
network)

NOT function, 111

null values, DAX, 110

(0

object-level security, 197-198
OData feed, connecting to, 74
OLAP (online analytical processing), 67
OLTP (online transaction processing), 67
OneDrive for Business, 40
openFDA API, 91-96
OPENINGBALANCEMONTH function, 179-180
OPENROWSET function, 66
operators

DAX, 110-111

Power Query, 85
ORDER BY keyword, 236
organizational subscription, Power BI, 22
Overview tab, Microsoft Purview, 10

P

paginated reports, creating, 245-246
parameters, 87, 237
Parquet, 67-70, 89-90
PBIDS file, 50-51
performance
bottlenecks, identifying, 73
DAX, troubleshooting, 202
Power Query, 76-77
Shared versus Premium capacity license, 22-23
Performance Analyzer, 201-202
personally identifiable information, hiding, 21
perspective, 242
per-user license, Power BI, 22
pipeline, 47. See also deployment pipeline
policy, incremental refresh, 207-208
PolyBase, 66
Power BI
Al Insights, 96-97
create and import a custom report theme, 221-222

data visualization, 220-221
deployment pipeline
assigning workspaces, 43
creating, 41-42
develop and test content, 43-45
deployment strategy for assets, 38-39
gateway
adding a data source, 28-29
configuring, 24-25
installing, 25-27
manage data source users, 29-30
tenant administration, 25-26
user management, 27-28
using, 30-31
incremental refresh, 204
creating the RangeStart and RangeEnd
parameters, 205-206
filtering by using the RangeStart and RangeEnd
parameters, 206-207
policy, 207-208
integration with ADLS Genz2, 31
configure storage at the tenant level, 31-32
configure storage at the workspace level, 32
integration with Synapse, 34
IntelliSense, 112
licensing, 22
features, 23
performance differences, 22-23
operators, 85
organizational subscription, 22
PBIDS file, 50-51
Performance Analyzer, 201-202
pipeline, 47
Power Query, 72-73
improving merge operations, 78
performance improvements, 76-77
query folding, 73
View Native Query option, 73-74
working with files, 77
Premium subscription, 22
query diagnostics, 74-76
R or Python visuals
creating, 229-233
requirements, 226-227
work in script editors, 226-227
Report Builder, 245-246

reports
accessibility, 238
alt text, 239



query

markers, 239 connecting to complex files
page names, titles, and labels, 238-239 JSON, 88
tab order, 239 Parquet, 89-90
theme and color selection, 240 XML, 88-89
REST API, 46 data source privacy settings, 79-83
RLS (row-level security), 192 data types, 84-86
roles list, 84-85
creating, 192-194 record, 86
viewing as, 194-195 table, 86-87
settings dataflow
admin API, 18 creating, 78
advanced networking, 19 transforming data, 79
audit and usage, 17 foldable data sources, 77
capacity, 23-24 functions, 87
content pack and app, 16 identifying data loading performance
dashboard, 17 bottlenecks, 73
dataflow, 18 improving merge operations, 78
datamart, 19 parameters, 87
dataset security, 19 performance improvements, 76-77
developer, 17-18 query folding, 73
discovery, 15 View Native Query option, 73-74
export and sharing, 14-15 working with files, 77
gateway, 27 PowerShell, cmdlets
help and support, 13 Get_PowerBlActivityEvent, 21
information protection, 13 Install-Module-Name MicrosoftPowerBIMgmt, 46
insights, 19 PREDICT function, 70-71
integration, 1617 Premium subscription
metrics, 19 features, 23
Q&A, 18 performance, 22-23
R and Python visuals, 17 Power BI, 22
share data with your Microsoft 365 services, 19 XMLA (XML for Analysis) endpoint, 47-49
template app, 18 primary key, 131-132
tenant, 11-12 privacy settings, data source, 79-83
user experience experiments, 19 production, 38
visuals, 17 Python
workspace, 13 Matplotlib, 218-219
shared dataset, 51-52 Power Bl visuals settings, 215-227
source control, 39-40 supported packages, 233
template, 49-50 visuals
tenant requirements, 226-227
accessing the read-only admin API, 8 work in script editors, 226-227

registering, 6-8
theme editor, 223, 224-225

third-party theme tools, 225-226 Q

workspace, linking to Synapse, 34

XMLA (XML for Analysis) endpoint, 47-49 Q&A settings, Power BI, 18
Power Query, 72-73 query

Advanced Editor, 83 dataset, 234-235

APIs, 90-96 DAX, 101
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query, continued user experience experiments, 19
DEFINE keyword, 235-236 visuals, 17
EVALUATE statement, 234-235 workspace, 13
ORDER BY keyword, 236 records, Power Query, 86
parameters, 237 registration
START AT keyword, 236 data source, 3-4
diagnostics, 74-76 Power Bl tenant, 6-8
folding, 73, 208-209 RELATED function, 113
JSON, 88 RELATEDTABLE function, 113
-level measures, 235 replicated distribution, SQL dedicated pool, 67
Parquet, 89-90 report
PREDICT function, 70-71 automatic page refresh, 243
relational data sources, 68-70 change detection, 244-245
serverless pools, 67-68 fixed interval, 243
XML, 88-89 creating a custom theme, 221-222

paginated, 245-246
personalized visuals, 241-242

R perspective, 242
Power Bl
R accessibility, 238
Power Bl visuals settings, 17 alt text, 239
visuals markers, 239
creating, 229-231 page names, titles, and labels, 238-239
requirements, 226-227 tab order, 239
work in script editors, 226-227 theme and color selection, 240
recommended settings, Power BI Usage Metrics, 20-21
admin API, 18 requesting access to data assets, 10-11
advanced networking, 19 RLS (row-level security), 192. See also dynamic row-level
audit and usage, 17 security
capacity, 23-24 roles
content pack and app, 16 creating, 192-194
dashboard, 17 viewing as, 194-195
dataflow, 18 round-robin distribution, SQL dedicated pool, 66-67
datamart, 19 row context, 128-129
dataset security, 19 ROW function, 153-154
developer, 17-18 rules, deployment, 44-45

discovery, 15
export and sharing, 14-15

gateway, 27 s

help and support, 13

information protection, 13 Schema tab, Microsoft Purview, 10
insights, 19 scoring, machine learning model, 71-72
integration, 1617 script editors, 226-227

metrics, 19 search bar, Microsoft Purview, 9

Q&A, 18 security

R and Python visuals, 17 dynamic row-level, 195-197

share data with your Microsoft 365 services, 19 group, creating, 67

template app, 18 object-level, 197-198

tenant, 11-12
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role membership, 198-200
row-level, 192
SELECTCOLUMNS function, 143-145
SELECTEDMEASURE function, 107
SELECTEDMEASUREFORMATSTRING function, 107
SELECTEDMEASURENAME function, 107
SELECTEDVALUE function, 186
semi-additive measures, 179
serverless pools, 64-66, 67-68
share data with your Microsoft 365 services, Power Bl
settings, 19
Shared capacity license
features, 23
performance, 22-23
shared dataset, 51-52
SharePoint, 40
show() function, 216-217
source control, 39-40
repository, connecting to Azure Synapse
Analytics, 36
Azure DevOps Git, 37-38
GitHub, 31-37
Spark
notebook
display() function, 216-217
magic commands, 217-218
Matplotlib, 218-219
show() function, 216-217
pool, 59
features, 59-60
how to use, 60-63
SQL, 58. See also query
dedicated pools, 66-67
hash distribution, 67
replicated distribution, 67
round-robin distribution, 66-67
using PREDICT function in a query, 70-71
querying data, 68-70
serverless pools, 64-66
Parquet file, querying, 68
querying, 67-68
T-, 66
START AT keyword, 236
storage, ADLS Gen2 (Azure Data Lake Storage Gen2),
Power Bl integration, 31-32
subscription, Power BI, 22
SUBSTITUTE function, 116
SUM function, 129
SUMMARIZE function, 139-143

Usage Metrics report

SUMMARIZECOLUMNS function, 139-143
SUMX function, 168-169
SWITCH function, 121, 122-123

o

tables, 86-87
aggregation, 191-192
calculated. See calculated tables
tabular data model
calculation groups, creating, 105-108
calculation item properties, 107
DAX functions, 107-108
Tabular Editor 2, 104-105
calculation groups, creating, 105-108
data model optimization, 202-203
template, Power B, 18, 49-50
tenant administration, gateway, 25-26
tenant settings, Power BI, 11-12
testing, 38, 43-45
theme
color, 240
editor, 223
JSON file, 224-225
report, 221-222
third-party theme tools, 225-226
Time Intelligence, 177
combining functions, 182-184
DATEADD function, 181
DATESBETWEEN function, 184
DATESINPERIOD function, 184
DATESYTD function, 177-178
FIRSTDATE function, 184
LASTDATE function, 184
OPENINGBALANCEMONTH function, 179-180
TOTALYTD function, 178
TOPN function, 145-147
TOTALYTD function, 178
transforming data in dataflows, 79
troubleshooting, DAX performance issues, 202
T-SQL, 66

U

UNION function, 154-155
Usage Metrics report, 20-21
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user experience experiments, Power Bl settings

user experience experiments, Power Bl settings, 19 W
user management, Power Bl gateway, 27-28
Web.Contents function, 90
workspace
V assigning, 43
settings, 13
values
counting, 169-172

grouping, 120-126 X-Y-Z

VALUES function, 138-139

variables XML, querying, 88-89
calculated column, 127-128 XMLA (XML for Analysis) endpoint, 47-49
calculated table, 165-166 connect to a dataset, 233-234
VertiPaq Analyzer, 203 query a dataset, 234-235

View Native Query option, Power Query, 73-74
viewing, roles, 194-195

visuals, Power Bl settings, 17. See also data visualization
VNet (virtual network), gateway, 26
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