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Introduction

Microsoft Power BI is considered by many to be the premier self-service business 

intelligence tool on the market. In recent years, it has passed up formidable tools such 

as QlikView and Tableau to gain the number one spot. One of the reasons why it is 

considered such a great self-service business intelligence tool is because it is more than 

just a visualization tool. Built into Microsoft Power BI are

• The DAX expression and query language that enables you to 

interrogate your Power BI data model using complex business logic 

in a fast and efficient way

• A data wrangling tool called Power Query that enables you to shape 

and transform your data into a form that is conducive for data 

analysis

• The Vertipaq engine that efficiently stores the data in a way that is 

optimized for reporting and performs complex calculations fast and 

efficiently

• Pre-packaged, interactive visualizations that enable you to present 

your data in ways that are easily understood by report consumers

So, you may ask the question, with all these features why would you need to leverage 

programming languages such as R and Python in Power BI? The answer is to fill in the 

few areas where the native tools fall short. A few examples are

• Creating custom visualizations in a relatively easy way

• Applying data science to your Power BI data models without the need 

of Power BI Premium

• Performing advanced string manipulations using advanced 

techniques that are not available in Power Query or DAX

• Interacting with Microsoft Cognitive Services without the need of 

Power BI Premium
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• Communicating with third-party data APIs to enrich your Power BI 

data models in an efficient way

• And many more

This book covers how to leverage R and Python to bring the added functionality 

listed earlier to your Power BI solutions. R is a perfect complement to Power BI because 

it is a language written specifically for data analytics. Data analysts have been using R to 

perform tasks like data wrangling and data visualization for decades. Given that, features 

that may not be available in Power BI might have been in R for some time.

Python has become a very popular programming language in data analytics over the 

last decade. One of the features that make Python so attractive is that it is not only great 

for data analytics, but it is great for general programming tasks as well. Communicating 

with APIs is a breeze with Python, but the same task is very clunky using Power Query.

These features of R and Python make them perfect companions to Power BI. This 

book will cover some recipes that illustrate the preceding features. The recipes will 

include detailed steps along with verbose descriptions so that you will get a clear 

understanding of how they work. Before you get started using the recipes, you need to 

configure your environment. Let’s go over those configurations.

 Configure your Azure environment
Different parts of Azure will be used throughout the book. Microsoft Cognitive Services 

will be used to apply artificial intelligence to your Power BI data models. Also, the Data 

Science Virtual Machine (DSVM) is the recommended development environment for 

the book. The DSVM is optional but highly recommended. In order to work many of the 

examples in this book, you will need an environment configured with many tools such as

• SQL Server 2017 or later

• SQL Server Machine Learning Services 2017 or later with R and 

Python enabled

• The Anaconda distribution of Python

• The R programming language

• R Studio
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• VS Code

• Power BI Desktop

Manually configuring an environment with these resources can be a challenge, 

but if you use the DSVM, most of the configuration is handled for you. In the following 

sections, you will learn how to set up Azure so that you can consume Microsoft Cognitive 

Services and you will also learn how to spin up a DSVM.

 Sign up for Azure
Sign up for Azure here: https://azure.microsoft.com/en-us/free/. You get 12 months 

free for selected services plus $200 in credit during your first month!

 Sign up for Microsoft Cognitive Services
Microsoft Cognitive Services will be used to perform sentiment analysis inside of Power 

BI using Python. You first need to set up the Microsoft Cognitive Services in Azure before 

you can call it from Power BI. Here are the required steps to set up the service:

 1. Log in to your Azure Portal.

 2. Type Cognitive Services in the search box, then press Enter.

 3. The preceding action should take you to the Cognitive Service 

signup page. Click the Create button to initiate the signup process.

 4. Fill in the following information:

• Name

• Subscription

• Location

• Pricing tier

• Resource group

 5. Click the I confirm I have read and understood the notice below 

check box.

 6. Click the Create button.
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Note that there is a cost to use Microsoft Cognitive Services. To get pricing 

information, go to your Microsoft Cognitive Services resource and type Pricing tier in the 

search box, then click it in the results. Select the pricing tier you want to use. Doing so 

will take you to a page that will give you pricing information based on your usage and 

Azure region. The exercise in this book that uses Microsoft Cognitive Services is relatively 

inexpensive, and you will have more than enough credits in your first month to cover the 

cost.

 Create a Data Science Virtual Machine (DSVM)
The preferred setup is to start with a Data Science Virtual Machine (DSVM) and add the 

resources that do not come pre-installed in the DSVM to it. This setup is highly preferred 

because the amount of time it takes to fully configure your environment in the way that is 

needed to do every exercise in the book can be lengthy and challenging. Using the DSVM 

enables you to configure an environment in minutes that could take you many days 

of trial and error if you tried to do it yourself. Instructions will be provided in the next 

section if you decide to configure your own environment. Here are the instructions to set 

up the DSVM.

 Steps to create a DSVM in Azure

 1. Go to https://portal.azure.com. If prompted, sign in using the 

credentials created in Step 1.

 2. Click Create a resource in the upper left.

 3. In the search box, type Data Science Virtual Machine -  

Windows 2019.

 4. Click the Create button. This action will cause a form to appear 

that you need to fill out to configure the DSVM. You will land 

on the Basics tab. The following steps will tell you how to fill 

out the form.

 5. Subscription: Select the subscription you want to use. It should 

default to the subscription that you set up in Step 1.
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 6. Resource group: If you already have a resource group in your 

tenant you want to use, select it. Otherwise, create a new one for 

your DSVM">.

 7. Virtual machine name: The name you want your DSVM to have.

 8. Region: An Azure region close to you.

 9. Image: Make sure Data Science Virtual Machine – Windows 2016 

is selected.

 10. Size: I use B4ms because it is the cheaper option for the 16 gigs of 

ram options. RAM is important for R, Python, and Power BI.

 11. Username: <"Create a username">.

 12. Password: <"Create password">.

 13. Confirm password: <"Confirm password">.

 14. Click Next: Disks >.

 15. OS disk type: Select Standard SSD. This option is sufficient for 

what we are doing.

 16. Click Next: Networking>.

 17. Make sure all the required fields are filled out. You can identify the 

required fields with a *. They should be populated with a default 

value; if not, click the Create New link below them and accept the 

default settings.

 18. Click Next: Management >.

 19. Accept defaults and click Next: Advanced >.

 20. Accept defaults and click Next: Tags >.

 21. Click Next: Review + create >.

 22. You will see a summary of the DSVM that you configured. You 

will also see the cost to run the DSVM. If you agree with the 

configuration, click the Create button.
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Make sure to stop your DSVM after every use so that you don’t incur unnecessary costs. 

As a safeguard, you should set up an auto-shutdown that will shut down your DSVM if it is 

still running past a specified time. Do the following steps to set up auto- shutdown:

 1. Go into your DSVM machine in the Azure Portal.

 2. Type auto-shutdown in the search box, then select it in the list.

 3. Enable auto-shutdown by selecting On in the Enabled button.

 4. Select the time you would like to automate the shutdown in the 

Scheduled shutdown textbox.

 5. Choose the time zone you want to base the time on in the Time 

zone combo box.

 6. If you want notification to be sent to you that lets you know that 

your DSVM will be shutting down, you can turn on the Send 

notification before auto-shutdown. The notification will be sent to 

the email that you put in the Email address textbox.

 Configure R in DSVM
You will be using a different distribution of R than the one installed. The distribution 

of R that we will use is Microsoft R Open (MRO). This distribution of R is totally 

compatible with distribution on CRAN, but it comes with enhancements that improve 

the performance of certain types of calculations plus many additional tools. Perform the 

following steps to download the MRO in your DSVM:

 1. Get the version of R that is being used in the Power BI service. 

You can find that information in the following Microsoft 

documentation: https://docs.microsoft.com/en-us/power-bi/

visuals/service-r-visuals.

 2. Open up a browser in the DSVM and go to the following site: 

https://mran.microsoft.com/open. Two browsers are pre-

installed in the DSVM. They are Microsoft Edge and Firefox.
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 3. Click the Download button on the right and you will be taken 

to the download page. Once on the download page, click the 

Past Releases link which is located on the right section of the 

page. Clicking the link will take you to a page that has links to 

all previous versions of Microsoft R Open. Click the link for the 

version that the Power BI service is using.

 4. Choose the download for Windows.

 5. Execute the download.

 6. Open R Studio in the DSVM.

 7. Select Tools ➤ Global Options. Verify that the MRO distribution 

you just installed is selected. If it is not, click the Change… button 

and you should see it as one of the options. Select it, then click OK.

 Configure Python in DSVM
One of the benefits you gain with the DSVM is you get a distribution of Python pre- 

installed that is perfect for data analytics. The name of the distribution is Anaconda. 

The Anaconda distribution of Python comes pre-installed with over 1500 libraries that 

are popular in data analytics. It also comes with a package manager and environment 

management system named conda. Installing libraries via conda is preferred because 

of how conda manage package dependencies. The environment management system 

in conda makes it easy to create an isolated copy of a specific version of Python with 

specific versions of Python libraries in it.

Let’s create a dedicated Python environment in the DSVM for this book and 

name it pbi. To do so, you need to perform the following steps:

 1. Log into the DSVM.

 2. Open the command prompt by clicking in the search bar next to 

the Windows sign and type cmd.

 3. Type the following code to create a conda environment named pbi 

based on Python 3.7:

conda create -n pbi python=3.7
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The decision to use python 3.7 was based on information obtained from the 

following Microsoft documentation: https://docs.microsoft.com/en-us/business- 

applications- release-notes/october18/intelligence-platform/power-bi- 

service/pervasive-artificial-intelligence-bi/python-service. According to the 

documentation, the Power BI service is compatible with Python 3.x so the current 3.x 

versions of Python should be compatible.

Now we have a Python environment that we can use for our Python development in 

this book.

 Configuring SQL Server Machine Learning Services 
in DSVM
Several examples of the book require the use of SQL Server Machine Learning Services 

(SSMLS). SSMLS provides tools that enable you to perform advanced analytics inside 

the database using R, Python, and some tools that make it easier to work with big data. 

SSMLS also offers some pre-trained models built by Microsoft that you can leverage. The 

preceding features are not part of the default features, but SSMLS is enabled by default 

in the DSVM. If you are not using the DSVM, you will have to enable it, and instructions 

of how to do so can be found here: https://docs.microsoft.com/en-us/sql/machine- 

learning/install/sql-machine-learning-services-windows-install?view=sql- 

server- ver15. The pre-trained models that will be used in the book can be added to 

your instance of SQL Server as a post-task installation. Go to this URL to get instructions 

of how to install the pre-trained models as a post-task installation: https://docs.

microsoft.com/en-us/sql/machine-learning/install/sql-pretrained-models- 

install?view=sql-server-ver15.

 Installing R packages
Some of the R scripts in this book may contain R packages that are not installed on your 

machine. Installing packages in R is simple and straightforward. The following code 

installs a popular R package named data.table via the R console:

install.packages("<package name>")

InTroduCTIon

https://docs.microsoft.com/en-us/business-applications-release-notes/october18/intelligence-platform/power-bi-service/pervasive-artificial-intelligence-bi/python-service
https://docs.microsoft.com/en-us/business-applications-release-notes/october18/intelligence-platform/power-bi-service/pervasive-artificial-intelligence-bi/python-service
https://docs.microsoft.com/en-us/business-applications-release-notes/october18/intelligence-platform/power-bi-service/pervasive-artificial-intelligence-bi/python-service
https://docs.microsoft.com/en-us/sql/machine-learning/install/sql-machine-learning-services-windows-install?view=sql-server-ver15
https://docs.microsoft.com/en-us/sql/machine-learning/install/sql-machine-learning-services-windows-install?view=sql-server-ver15
https://docs.microsoft.com/en-us/sql/machine-learning/install/sql-machine-learning-services-windows-install?view=sql-server-ver15
https://docs.microsoft.com/en-us/sql/machine-learning/install/sql-pretrained-models-install?view=sql-server-ver15
https://docs.microsoft.com/en-us/sql/machine-learning/install/sql-pretrained-models-install?view=sql-server-ver15
https://docs.microsoft.com/en-us/sql/machine-learning/install/sql-pretrained-models-install?view=sql-server-ver15


xxxi

There will be times when you may want to install multiple packages at once. For 

instance, you may want to install the R package data.table and dplyr together. You can 

accomplish that task by creating a character vector that contains two elements, one for 

data.table and another for dplyr, and assign the results to a variable named pkgs. Then 

you would pass that variable to the install.packages() function as illustrated here:

pkgs <- c("data.table", "dplyr")

install.packages(pkgs)

The R character vector data type is a one-dimensional array of the character 
data type. You will learn more about this data types as well as other r data types 
throughout the book.

When you are creating R visuals in Power BI, you need to be cognizant of which 

version of the package is being used by the Power BI service. You can get a list of all 

the available R packages in the Power BI service along with their version at this URL: 

https://docs.microsoft.com/en-us/power-bi/service-r-packages-support.

The install.packages() will download the most recent version of the package from the 

repository you are using if you are using the distribution of R from CRAN. If you are using 

Microsoft R Open, it will install the most recent package based on the snapshot date. Both 

methods may result in a version being installed that is not the same as the one in the 

service. To download the version of a package that is being used in the service, you first 

need to get the package version from the page located at the preceding URL, then you 

need to use the devtools package to install it. Here is an example of using the devtools 

package to install ggplot2 0.9.1 from CRAN:

library(devtools)

install_version(

    "ggplot2",

    version = "0.9.1",

    repos = "http://cran.us.r-project.org")
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 Installing Python libraries
There are multiple ways you can install libraries in Python. You will use two methods 

in this book, conda install and pip install. Installing libraries in Python is not as easy 

and straightforward as it is installing packages in R. In this book, you will use the conda 

prompt to install Python libraries. Perform the following steps to install Python a library 

using conda:

 1. Go to the Windows search bar located on the lower right next to 

the Windows icon.

 2. Type the word Anaconda and the Anaconda Prompt should 

appear in the returned list. Click it to launch the Anaconda 

Prompt.

 3. Activate the environment that you are using for Power BI by typing 

the following code in the command prompt:

conda activate "<environment name>"

It is highly recommended to use an environment for the Python 

development associated with this book. Instructions of how to 

create one are located in the next section.

 4. Install the package using conda with the following code:

conda install <"package name">

So, if you were installing pandas, the code would be as follows:

conda install pandas

If you wanted to install pandas 1.0.4, you would use the  

following code:

conda install pandas=1.0.4

Not all packages are available for a conda install. Go to the 

following URL to get a list of packages that can be installed using 

conda in Python 3.6: https://docs.anaconda.com/anaconda/

packages/py3.6_win-64/. One of the packages that will be used 
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in this book is not available in conda but is available in PyPI. The 

name of the package is CensusData. You must use pip to install the 

CensusData library as illustrated here:

pip install CensusData

 Configure Power BI in DSVM
There are several configurations that you need to do in the Power BI Desktop to enable 

R and Python. Those steps are covered in detail in the book’s code repository in GitHub. 

You will also find instructions on how to create and use conda environment in Python. 

Here is the URL to the book’s code repository: https://github.com/Apress/adv- 

analytics- in-power-bi-w-r-and-python.

 Alternative setup
That DSVM is the optimal way to go, but it may not be an option for you. If that is the 

case, you will have to manually install the required software. Here are links to the 

required software that you need to install:

• Manually Install Power BI: www.microsoft.com/en-us/download/

details.aspx?id=58494

• Manually Install R Studio: https://rstudio.com/products/

rstudio/download/

• Manually Install Microsoft R Open: https://mran.microsoft.com/

download

• Manually Install Anaconda: www.anaconda.com/products/

individual

• Manually Install VS Code:  https://code.visualstudio.com/

download

• Manually Install SQL Server 2019 Developer: www.microsoft.com/

en-us/sql-server/sql-server-downloads
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