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CHAPTER 1

Introduction to Machine
Learning

Machine learning allows decision makers to gain more insight from their data.

Today, the application of machine learning is no longer limited to research and specific
industries. In most fields, there is a valuable opportunity to use machine learning to
obtain more concise and in-depth information from available data. As a result, most big
software companies provide opportunities to their users to access machine learning via
easy-to-use software. For example, Microsoft, a pioneer in developing business software,
leverages machine learning in developing products such as the Bing search engine,
Xbox, Kinect, and others. The use of machine learning in Microsoft is not limited to the
production of new software. In many of Microsoft’s software development tools, such

as Microsoft SQL Server, Power BI, and .NET, there is an opportunity to use machine
learning to create smarter applications and reposts.

In this chapter, you will learn the central concepts and approaches to machine
learning, review machine learning types, and discover step-by-step the life cycle of
machine learning. Also, you will learn about the highly useful machine learning tools
that are available in Microsoft products.

Machine Learning Concepts

Machine learning is a subset of artificial intelligence (AI). Ian Goodfellow and his
colleagues [1] introduced a diagram that shows the different approaches to AL As you
can see in Figure 1-1, machine learning is one of several methods of Al

© Leila Etaati 2019
L. Etaati, Machine Learning with Microsoft Technologies, https://doi.org/10.1007/978-1-4842-3658-1_1
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Example:

Shallow . )

Example: Example:

autoencoders o i
Logistic Knowledg

regression bases

Representation learning

Machine learning

Figure 1-1. A Venn diagram showing the Al category and subcategories [1]

Academics and authors have proposed different definitions of machine learning.
For example, Sebastian Raschka defined machine learning as tools for making sense
of data, using algorithms [2]. He mentioned that we encounter a significant amount of
structured (numbers) and unstructured (image, voice text, and so forth) data. Gaining
insight from these data affects the decision-making process and helps managers to
achieve a better understanding of what happened, why it happened, what will happen in
future, and how to make it happen.

The concepts of machine learning are based on discovering common patterns from
current data sets. Historically, we created reports and software to understand what
happened in the past. Analyzing recent events and data always helps us to perform
further analysis, such as finding key performance indicators (KPIs), and so forth.

www.EBookswWorld.ir



CHAPTER 1 INTRODUCTION TO MACHINE LEARNING

Investigating what happened in the past is straightforward and provides us some value
(Figure 1-2). For the next step, we want to become more agile regarding change, so
analyzing live data is essential. Analyzing recent data obviously provides more insight
than legacy data does. The process is a bit more difficult than following prior approaches
but offers more value to an organization.

Value Make It
Happen

What Will
Happen

Why It
Happened

Whatls
Happening
Now

What Happened

Difficulty

\ 4

Figure 1-2. Value and difficulty of various analyses, from past to future

The third step is the root cause analysis, a type of data investigation focused on cause
and effect. For example, analyzing the primary cause of a sales decrease in a specific
branch can provide lots of value for a business owner.

A further step for getting better value out of data is analyzing what will happen in the
future, or predictive analysis. Understanding what will happen in the future, or having
insight about the data pattern, will help decision makers implement better informed
company policies. “What will happen” analysis requires more effort and is more time-
consuming than previous steps. However, it is an opportunity for a business to obtain
even more valuable and actionable information.

Finally, the last stage is “how to make it happen.” This prescriptive analysis
recommends steps to take after predicting the future. This process brings more insight
into any organization, but it is far more challenging to implement, compared to the other
stages.
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CHAPTER 1  INTRODUCTION TO MACHINE LEARNING

Machine Learning Approaches

There are two main approaches to machine learning:
Supervised Learning
Unsupervised Learning

In the following paragraphs, a brief explanation of each is provided. In Chapter 5,
I will go into more detail about these and offer examples of both.

Supervised Learning

The primary goal of supervised learning is to learn how to predict a group or value from
past data. By another definition, supervised learning is the machine learning task of
inferring a function from labeled training data [2].

There are different approaches to supervised learning. One is to predict a value, for
example, predicting the number of subscribers to a video channel, which could range
from one to millions of individuals. Supervised learning makes it possibile to predict
how many people will subscribe to this channel. Another example is predicting sales
for a forthcoming year that could range from $1,000 to $200,000. By this approach, an
algorithm predicts the number of sales for the company. We call this method a regression
approach, in which the outcome is a continuous value.

The other approach to supervised learning involves predicting a group, for example,
predicting whether a customer will stay with a company or leave it. In this example, the
goal is to predict whether a current customer will remain with a group. Another case
could consider a company that provides different tiers of customers, such as gold, silver,
and bronze. In this case, the supervised learning approach might predict whether a
new customer will belong to the gold, silver, or bronze group. In this type of supervised
learning, the prediction column should be a discrete class label.

Unsupervised Learning

In supervised learning, we already have an idea of the answer before creating and
training the model. In unsupervised learning, we do not predict a column, and we do not
attach any label to the data. The main goal of unsupervised learning is to find the natural
data pattern, to explore the data and extract its meaningful information.
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CHAPTER 1 INTRODUCTION TO MACHINE LEARNING

Machine Learning Life Cycle

The machine learning life cycle consists of four main steps:
1. Business understanding
2. Data acquisition and understanding
a. Data collection
b. Feature selection
c. Data wrangling
3. Modeling
a. Model selection
b. Split data set
c. Train model
4. Deployment
a. Evaluating the model
b. Monitoring model

Microsoft has proposed a Team Data Science Process (TDSP) that illustrates these
phases (Figure 1-3).
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Data Science Life Cycle

Business

Transform, Binning Fe:
Temporal, Text, Image
]
Feature Selection E BRIREE

c On-premises vs. Cloud
( e
Data Sou Database vs. Files
T Streaming vs. Batch
|
Pipeline Low vs. High Frequency
On-premises vs, Cloud
(UIGHIGTEII Database vs. Data Lake vs.
Small vs. Medium vs. Big Data

LWIELTUGT A structured vs_ Unstructured
[FHIGIENGLR Data Validation and Cleanup
Cleaning Visualization

Algorithms, Ensemble Data
Parameter Tuning M Acquisition &
Retraining Tra g Understanding
Model Management

Cross Validation Model
Model Reporting IS
i valuation
A/B Testing

Deployment Customer
Acceptance

Figure 1-3. The Team Data Science Process life cycle proposed by Microsoft [3]

Step 1 is to understand the business problem. People who know their business are
the best resources for identifying the company needs and issues that machine learning is
able to solve. However, not all issues can be addressed by machine learning! In addition,
use cases for machine learning should be prioritized in collaboration with business
stakeholders and data scientists and engineers, so that you start with solutions that are
valuable, affordable, and have a high probability of being successful.

Step 2 is to ingest data, which involves collecting required data from different
resources and exploring and cleaning it. Finding relevant data columns to a problem,
mainly for supervised learning, helps to create more accurate algorithms. Furthermore,
for each algorithm, specific data transformation must be complete before the modeling
stage.

Step 3 is modeling, which consists of model selection. This is done by analyzing
the nature of a problem and data. Most data should be allocated for model creation
(training), with a small percentage left for testing and evaluating the model. As you can

8
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CHAPTER 1 INTRODUCTION TO MACHINE LEARNING

see in Figure 1-3, the machine learning process is iterative. For example, after creating a
model, there is a possibility that it might not be accurate. In this case, we would have to
recheck the previous steps, such as business understanding or data acquisition.

Machine Learning Languages and Platforms

In order to create a machine learning model, you must be familiar with at least one
language that facilitates machine learning. However, there are some tools, such as
Microsoft Azure Machine Learning, that provide a drag-and-drop environment.

There are many different languages for doing machine learning, including Python,
Java, R, C++, C, JavaScript, and so forth. However, among all these languages, Python and
R are the most widely used, with a focus on creating models and the machine learning
process.

There are also many different tools for doing machine learning. In this book, we will
look specifically at the Microsoft tools that can help us perform machine learning, as well
as how to use different Microsoft technologies to implement certain machine learning
processes.

Microsoft has integrated machine learning in some of its tools, such as Bing search
or Xbox, for many years now. In 2004, it embedded the data-mining tools in SQL Server.
These tools helped SQL and business intelligence (BI) developers to leverage machine
learning, to create more insightful reports.

SQL Server allows users to quickly produce mining models, using the current data
in cubes. The main advantage of using data mining tools in SQL Server is that they are
easy to deploy, have a great interface, and are user-friendly. However, there are some
disadvantages. For example, there is no way to create custom code using R or Python,
and only a limited number of algorithms are available.

Subsequently, Microsoft announced a cloud-based machine learning platform,
Azure Machine Learning (AML), in 2014. This platform provides a smooth drag-and-
drop environment and does not require any software to make it work. Azure Machine
Learning supports R and Python and offers more than 25 algorithms specific to machine
learning (Figure 1-4). You'll learn more about those in Chapter 12.
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Figure 1-4. The Azure Machine Learning environment is easy to use and flexible

In addition to Azure Machine Learning, Microsoft provides the ability to embed the
R or Python code in some of its other tools, such as Power BI, a self-service BI tool that
is widely used for BI practices. In 2015, Microsoft began to offer new possibilities for
machine learning in Power BI, for example, a custom visual in the reporting section that
helps developers to write R code with the goals of visualization and machine learning.
You will learn more about it in Chapter 4.

Another critical component of Microsoft Power BI is Power Query. Power Query
helps developers to source data from different resources and offers many features for
cleaning data. In 2016, Microsoft introduced the option of writing R code inside Power
Query for machine learning. There is a difference between writing code in Power BI
reporting and Power Query. In the former, you can create visuals (Figure 1-5), but not in
the latter. Moreover, the code in the R visual runs every time the filter context changes
or page opens, whereas the R scripts in Power Query Editor run only on refresh, unless
there is a direct query connection. You will learn how to perform machine learning
inside Power Query with R in Chapters 6, 7, and 8.

10
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Figure 1-5. R visual for machine learning in Power BI report

Another Microsoft platform with embedded machine learning is Microsoft Azure, a
cloud platform that includes various components for getting, storing, visualization, and
output of data. Various parts of Microsoft Azure have the cabability for machine learning.
As you can see in Figure 1-6, it is possible to write R or Python code in Microsoft
Power BI, Microsoft SQL Server 2016 and 2017 (Chapters 9 and 10), Azure Data Lake
(Chapter 11), Azure Stream Analytics (Chapter 13), Azure Machine Learning Studio
(Chapter 12), and Azure Machine Learning Workbench (Chapter 14). Also some
introduction on Azure HDInsight (Chapter 15) will be provided. Next in Chapter 16
an overview on Data Science Virtual Machine will be presented. In chapter 17 reader
get familiar with CNTK concepts. Moreover, some services, such as cognitive services,
provide different APIs for doing machine learning in natural language processing, text
analysis, image and voice processing, and more. I will go into detail about these in
Chapters 18 and 19. Figure 1-6 shows how all the Azure components interact with other
Azure tools, to expedite the process of machine learning development.

11
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Figure 1-6. Microsoft Azure components offering different possibilities for
performing machine learning

There is also an option to create a Data Science Virtual Machine (DSVM) in the
Azure portal (Figure 1-7). DSVM supports a variety of languages (e.g., R, Python, C#),
machine learning models (Azure Machine Learning Workbench, H20), data ingestion
tools, data exploration, and development. I will cover how to work with these
components in depth in Part V.

12
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Figure 1-7. Microsoft Data Science Virtual Machine (DSVM) components [4]

Summary

This chapter offered an introduction to Microsoft machine learning products, providing
a brief explanation of what machine learning is, the machine learning process, and the
machine learning life cycle. In addition, some of the main machine learning approaches,
such as descriptive, predictive, and prescriptive analysis were described. An overview

of how we are able to leverage these tools for creating predictive, descriptive, and
prescriptive analysis was provided. In the rest of the book, greater insight into most of the
Al tools in the Microsoft stack will be introduced, and how to leverage them with the aim
of machine learning will be explained.

13
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CHAPTER 2

Introduction fo R

R is undoubtedly one of the most popular languages for machine learning. It is a
programming language and free software environment used mainly for statistical
computing and data visualization. R has been used by academics, data scientists, and
statisticians for a long time. It is a statistical language, which is excellent for machine
learning, statistics, and use as a visualization tool. There is an integration between
Microsoft technologies and R language that enhances the capability of machine learning
in Microsoft applications and reports. R is an open source and proprietory language
that is available for the Windows and Mac operating systems. It can be extended via
packages [1]. This chapter provides an overview on installing RStudio, and how to
extend the R capability via installing packages, R data structures, machine learning, and
statistical analysis and visualization with R will be explained.

Installing RStudio

To write and use R for machine learning and statistical analysis, you must install one
version of R on your machine. There are different versions of R and different tools to
write the R codes, but for this book, we are going to write R scripts in RStudio, which is
an integrated development environment (IDE) for R with the possibility of using a
syntax-highlighting editor. To install RStudio, you must go to the web site located at
www.rstudio.com/products/RStudio/. Itis also possible to run R scripts on your
desktop and via a server. In this book, RStudio for desktop has been used. Moreover,
the free version of RStudio for desktop has been installed and used. To start, install the
RStudio desktop on your machine and open it. The RStudio environment has four main
parts, as shown in Figure 2-1.
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Figure 2-1. RStudio environment

You can write your R code in the R editor. The editor is more user-friendly compared
to other R IDEs. The output or console area shows the result of running the codes.
The plot area is where the visualization charts, help sections, etc., are shown. The last
section, environment and run history, shows the variables and logs.

Let’s start with a simple expression in R. We want to assign value 10 to variable name X.

The simple statement is
X<-10

In R, the <- symbol is used to assign a value to a variable. To run the code, you just
have to press Ctrl+Enter or click the run button in the editor window.

As you can see in Figure 2-2, I have run the statement X<-1, and the result is shown
in the console editor. Now I am going to determine the type of the X variable. To do this,
there is a function named typeof that gets a variable and identifies its type. RStudio also
provides “intellisense” for each function.
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Figure 2-2. Running a simple statement in R code

After running the typeof function (Figure 2-3), you will see the output in the console
window. The type of variable X is double. There are different data types and structures in

R, discussed later in this chapter.
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Figure 2-3. Running the typeof function in RStudio to identify the type of variable

Installing Packages

To extend the capability of R, additional packages can be installed. Each package has
different functions that provide more functionality in working with R.

The main command for installing packages is install.packages(). When you
install R, a library folder will be created on your machine that contains some of the basic
packages for working with R, such as “Base” packages. However, in Chapter 4, you will
see how to use this command to add some packages for assisting with machine learning.

R Data Structure

Every programming language has a specific data structure. R has some predefined data
structures that each serves a specific purpose. For performing machine learning in R, we
normally use a data structure, such as a vector, list, data frame, factor, array, and matrix.
Following, I will explain some of these briefly.

18
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Vector—C()

A vector stores the order set of values. Each value belongs to the same data type. A vector
can hold data types such as integers (numbers without decimals), doubles (numbers
with decimals), characters (text data), and logical (TRUE or FALSE values). See Figure 2-4.

Integer | integer | Integer | integer _| Integer | Integer | integer | Integer | Integer __ Integer

Figure 2-4. Simple visualization of a vector

To create a vector data structure in R, we must use the function c(). To create a
vector to store the name of a company employee, you would write the following code:

employee name<-c("Jan","Jack","Mike")

The same would be done to store the employee’s age and academic degree.

employee age<-c(23,34,23)

employee degree<-c("BS","MS","BS")

The resulting records for employee name, employee age, and employee degree are

as follows (Figure 2-5):

) RStudio - m| b
File Edit Code View Plots Session Build Debug Profile Tocks Help
Q- B B3 &+ 55+ Addins + R Project: (None) +
(7 Untitled1* % P | Environment  History — [ |
S @ Osouce  Q A~ £l ~=# o 4 & 2 Import Dataset =
1 x<-1 "} Global Environment ~
2 typeof(x)
3 1nstall .packages() Files Plots Packager— [ Hel
4 [employee_name<-cj"Jan","Jack","Mike") ES T S =
5 | employee_age<-c(R3,34,23) - (U — R
6 |employee_degree<c("ss","mMs","Bs") .| ReInstall Packages from Reposit »
61 TTOP CEver - R Script * . ~
install.packages
Console ~/ —r {utils} Docume
> emp loyee_name ~
[1] llJanll llJackll llMikell
> employee_age Install
F11. 2% 3423
> employee_degree PaCKageS
[1] "Bs" "ms" "Bs fme :
v < >

Figure 2-5. Employee records for name, age, and degree
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Factor

Factors are a second data structure for a specific type of vector: categorical or ordinal
values. For example, instead of storing the female and male types in a vector, a factor
stores 1, 2, which takes less storage space. To define a factor, first we define a vector; the
employee degree is a categorical variable. We use the common Factor() to convert a
vector to a factor type, as follows:

employee degreeFactor<-factor(c("BS","MS","BS"))

the result of running the employee degreefactor would be
employee degreeFactor

[1] BS MS BS

Levels: BS MS

Asyou see in the preceding output, we have beside each employee’s degree another
parameter, named Level

Lists—list ()

List is another data structure that is similar to vector but can have a combination of data
types (Figure 2-6). A vector has only one data type.

ntogar | iring__| Double | charmter | Logial

Figure 2-6. A simple visualization of list

Lists help us to combine data types. For creating a list in R, we use the 1ist()
command, as follows:
employee list<-list(employee name,employee age,employee degree)

As you can see in the preceding code, the 1ist() function gets a vector data
structure, to create a list.
The output of running the variable employee list would be as follows:

] "Jan“ "JaCk" "Mike"
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Data Frames—data.frame()

The primary data structure that we use for machine learning is the data frame. A data
frame is very similar to a table structure in SQL Server and Power BI. It has columns and
rows. The graphical representation of a data frame is shown in Figure 2-7.

Double | character | Logical
Double Logical
Double | character | Log

Integer

Integer

Integer

Figure 2-7. Simple visualization of a data frame structure

string
string
integer _|String | Double | character | Logical
B
String

Integer

To define a frame, we use the data.frame syntax, as follows:
employee DataFrame<-data.frame(employee name,employee age,employee degree)
The result of running the variable employee Dataframe is

employee_name employee age employee degree

1 Jan 23 BS
2 Jack 34 MS
3 Mike 23 BS

A data frame is like a table. We can access the cells, rows, and columns separately.
For example, to retry a specific column in employee Dataframe, such as an employee’s
age, we would use the following code:

employee DataFrame$employee age

Another way to access a row or column is via index number. The space before the
comma stands for all rows, while the number after the comma is for column numbers.
For example, we can extract all the rows of the first column using the following code:

employee DataFrame[,1]
[1] Jan Jack Mike
Levels: Jack Jan Mike
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Similarly, to extract from all columns the data of a specific employee, we can leverage
the following code:

employee DataFrame[1, ]
employee _name employee age employee degree
1 Jan 23 BS

R for Statistical Analysis

R has been used widely for statistical analysis. It can be used for simple statistical
analysis to complex statistical testing.

A simple statistical analysis would be to find the center of data. In R, there is a simple
command for this, summary (), that provides a brief description of the data set.

Following is a data set of used cars (Figure 2-8):

A B [Ete D | B
]year _Imodel price mileage color transmission

2011 SEL 21992 7413 Yellow  AUTO
2011 SEL 20995 10926 Gray AUTO
2011 SEL 19995 7351 Silver AUTO
2011 SEL 17809 11613 Gray AUTO
2012 SE 17500 8367 White  AUTO
2010 SEL 17495 25125 Silver AUTO
2011 SEL 17000 27393 Blue AUTO
2010 SEL 16995 21026 Silver AUTO
2011 SES 16995 32655 Silver AUTO
2010 SES 16995 36116 Silver AUTO
2010 SES 16995 40539 Black AUTO
2011 SES 16992 9199 Silver AUTO
2011 SEL 16950 9388 Green AUTO
2010 SES 16950 32058 Red AUTO
2011 SE 16000 15367 White  AUTO
2011 SES 15999 16368 Blue AUTO
2010 SEL 15999 19926 Silver AUTO
2010 SES 15995 36049 Silver AUTO
2011 SEL 15992 11662 Blue AUTO
2011 SEL 15992 32069 Silver AUTO
2010 SES 15988 16035 Silver MANUAL
2010 SEL 15980 39943 White  AUTO

2011 SE 15899 36685 Silver AUTO

Figure 2-8. Used car data set
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As you can see in Figure 2-8, we have the price and mileage for each car. If we want to
see the simple center measure of them, we can use the summary function.

summary(used cars)

After running the code in RStudio, we receive the following output (Figure 2-9):

> summary (usedcars)

year model price mileage color transmission
Min. :2000 Length:150 Min. : 3800 Min. : 4867 Length:150 Length:150
1st Qu.:2008 Class :character 1st Qu.:10995 1st Qu.: 27200 Cclass :character <Class :character
Median :2009 Mode :character Median :13592 Median : 36385 Mode :character Mode :character

Mean  :2009 Mean :12962 Mean : 44261
3rd Qu.:2010 3rd Qu.:14904 3rd Qu.: 55125
Max. 12012 Max. 121992  Max. 1151479

Figure 2-9. Output of running the summary function code in RStudio

For a numeric variable, such as price or mileage, we have five measures: minimum
(Min.) and maximum (Max.), mean (average), median, and first and third quarter
(1st Qu., 3rd Qu.).

R for Machine Learning

R contains many packages and functions that help data scientists to perform machine
learning. With the R language, you are able to undertake predictive, descriptive, and
prescriptive analysis. The following R packages from the KDnuggets web site (Table 2-1)
are especially popular for machine learning [2].

Table 2-1. R Packages for Machine Learning

Ranks Package Name Machine Learning

1 caret Predictive analysis (classification and regression)

2 randomForest Predictive analysis (classification and regression)

3 E1071 Descriptive analysis

4 rpart Predictive analysis (classification and regression)

5 nnet Predictive analysis (classification and regression)

6 arules Descriptive analysis (data mining)

7 kernlab Predictive analysis (classification and regression) and descriptive analysis
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There are many packages and functions for machine learning. In this book, I will
show how we can use them inside Power BI.

R for Visualization

R can be used for visualization. Ggplot2 packages are a popular package that helps us

to draw different charts. With R visual, you can draw static, dynamic, and 3D charts. In

Chapter 6, I will discuss some of the ways to draw charts using R codes inside Power BI.
We want to implement visualization for the following principal purposes:

Comparison
Composition
Distribution
Relationship [3]

The chart in Figure 2-10 shows the main goals of visualization.
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Chart Suggestions—A Thought-Starter
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Figure 2-10. Selecting the right chart for the purpose

Figure 2-10 illustrates that the main purposes of visualization can be categorized
by four main aspects: the relationship, distribution, comparison, and composition.
This chart is a map to find the best matches for visualization. Most of the available
visualization tools are able to follow this chart. However, using R scripts extends these
capabilities, to draw all different chart types we want.

Summary

This chapter provided an overview of what R is and how to install it. It also offered a
brief introduction to available packages and different data structures in the R language.
Finally, a brief discussion on how we can use R for visualization and machine learning
was presented. The rest of this book presents a more in-depth explanation on how to
draw charts with the help R scripts.
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CHAPTER 3

Introduction to Python

Python is one of the main languages used for performing machine learning. It is a
multi-purpose language that has been leveraged for device programming, object-
oriented programming, machine learning, and so forth. In this chapter, you will learn

Python IDE

Install packages

Python data structure
Statistical analysis with Python
Python for visualization
Python for machine learning

However, the main aim of this chapter is to introduce R briefly.

Python IDE

According to the DataCamp web site (www.datacamp.com/community/tutorials/
data-science-python-ide), there are five top integrated development environments
(IDEs) in which to write code. A brief description of each follows.

e Spyder is an environment (Figure 3-1) very similar to RStudio, so
if you are switching from R to Python, it is a really good choice. It is
supported in Windows and MacOS. Spyder can be downloaded from
the Anaconda web site (www.anaconda.com/distribution/) as well.
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Figure 3-1. Spyder environment
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e Rodeo is another Python IDE that is similar to RStudio. You can
download it from (https://rodeo.yhat.com/). Rodeo has four main
environments (Figure 3-2). There is one for writing code, a console

for showing results, an area for installing packages, and another for
showing plots.
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Figure 3-2. Rodeo environment

o PyCharm is another IDE for writing Python codes. Current
versions of Azure Machine Learning Workbench support this IDE
(www. jetbrains.com/pycharm/).

o Jupyter is another IDE for writing Python code and can be accessed
via a browser or desktop version.

e Microsoft Visual Studio is another IDE for writing Python. It is
possible to edit Python code in Azure Machine Learning Workbench
inside Microsoft Visual Studio. A detailed explanation of how to work
with Azure Machine Learning and Visual Studio is provided in the

following section.

Install Packages

To write Python codes inside Visual Studio, we must first install Visual Studio 2017
(https://docs.microsoft.com/en-us/visualstudio/install/install-visual-
studio). From File, choose the New project option. Then select Python » Python
Application » Put Location and click the OK button (Figure 3-3).
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Figure 3-3. Creating a Python application in Visual Studio 2017
To extend the capability of Python programming, you must install some additional
packages. Each package has different functions that offer us more functionality in

working with Python. To install packages in Visual Studio, we must click View » Other
Windows » Python Environment (Figure 3-4).
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Figure 3-4. Python environment in Visual Studio 2017

In Python Environments, select Python version 3.6. In another tab, select Packages.

In the search area, type the package name (Figure 3-5). For example, to install Pandas,

click pip install pandas from PyPi.
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Figure 3-5. Installing packages in Python

After installing the package, you will see a message in the output. Figure 3-6 shows
that the Panda package has been installed successfully.
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Figure 3-6. Installing packages output result

INTRODUCTION TO PYTHON

+ Custom.

After installing the package, you will be able to check that it has been installed. In
the interactive Python version 3.6, write the following codes, to check whether Pandas

packages have been installed.

import pandas
print('pandas: {}'.format(pandas. version ))

Now we must test the environment, to make sure that the packages have been

installed successfully. You can run the code in a different environment. As you can
see from Figure 3-7, it is possible to run the code in Anaconda 5.0.1, Python 3.6, and

ProjectApplication 1.
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Figure 3-7. Running Python code inside Visual Studio in different environments

Python for Statistical Summary

The first step in doing any machine learning or statistical analysis is to summarize
the data set. We are going to look at the data set with regard to dimensions, statistical
summary of columns, and peek at the data. We can access a data resource about cars
from the following link: https://archive.ics.uci.edu/ml/machine-learning-
databases/auto-mpg/auto-mpg.data.

We are going to load data directly from the web site, then assign a name to each
column. Assigning a name to each column will help us to explore the data better.
Then we will use the Panda package to load and read the data.

URL = "https://archive.ics.uci.edu/ml/machine-learning-databases/auto-mpg/
auto-mpg.data”

names = ['MPG', 'Cyl', 'Disp', 'HorsePower', 'Weight','Acceleration’, 'Model
Year', 'Origin', 'Car Name']

dataset = pandas.read csv(URL, names=names)

Dimensions

To get the dimensions of the data, such as some rows and columns, we use the shape
property, as follows:

print(dataset.shape)

result

(398, 9)
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The preceding indicates that we have 398 rows and 9 columns. In addition, we can
use the head property, to see the first 20 rows of data, as follows:

print(dataset.head(20)).

Statistical Distribution

To check the statistical summary of attributes, we can use the describe command, as follows:

print(dataset.describe())

Python for Visualization

Python allows users to create charts. It offers a variety of options for visualizing data.
Matplotlib is the main package for visualization in Python. It is very powerful and can be
used for complex charts. Matplot was the first visualization library, and other tools, such
as Seaborn, ggplot, Bokeh, and so forth, have been built on top of it (see https://blog.
modeanalytics.com/python-data-visualization-libraries/).

The ggplot2 package is also available in Python. ggplot2 is based on R’s plotting
system. It works based on layers.

Bokeh is another library similar to ggplot2, but it is native to Python. It helps
developers to draw interactive and web-based charts.

Plotly is an online data visualization tool that is useful for creating interactive charts.
Plotly can be used both in R and Python.

Python for Machine Learning

Python is a simple, elegant, and consistent language. It is more readable compared to R,
for example.

Python is especially popular in applied data science. It has different packages for
machine learning, such as NumPy, Pandas, Keras, TensorFlow, and so forth. However, it
is a general-purpose language that can be used for data engineering, web site scraping,
web application building, and so forth.

Summary

This chapter provided an overview of Python and related software and discussed how we
can use it to perform machine learning.

35

www.EBookswWorld.ir


https://blog.modeanalytics.com/python-data-visualization-libraries/
https://blog.modeanalytics.com/python-data-visualization-libraries/

CHAPTER 4

R Visualization in
Power BI

Power Bl is a self-service business intelligence (BI) software. This tool can be used for
data visualization, data cleaning, modeling, analysis, and collaboration at enterprise
scale. Many books and blogs have been published about how to use Power BI. In this
chapter, I am going to show how we can leverage R to create better visualizations and
get additional value from Power BI. In this chapter, I will explain how to set up R within
Power BI, how to draw charts in Power BI using R scripts, how to set up the Power BI
report environment, how to set up Power BI to write R code, and how to draw R charts
in Power BI.

Power Bl

The Power BI report environment helps us to visualize data. According to Dr. Abela [1],
there are four main purposes of data visualization, as follows and represented
graphically in Figure 4-1:

1. Data comparison
2. Datarelationship
3. Data composition

4. Data distribution
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Chart Suggestions—A Thought-Starter

R VISUALIZATION IN POWER BI
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Figure 4-1. Data visualization diagram [1]

Power BI Desktop is a free application that you can download from https://
powerbi.microsoft.com/en-us/desktop/. The Power BI Visualizations panel supports
most of the charts suggested in Figure 4-1. It is possible to extend the visualization
capabilities, by importing custom visuals from the marketplace or other sources.

Power BI Desktop helps users to get data from different sources with the Get Data

options (Figure 4-2). To learn more about Power BI, go to http://radacad.com/online-

book-power-bi-from-rookie-to-rockstar.
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Figure 4-2. Power BI Visualizations environment

Setting Up R in Power Bl

To draw an R chart in Power BI, the first step is to install at least one R version or
Microsoft R Open. Now we must specify what R version we are going to use. To do this,
we click the File menu, then click Options and Settings, then Options. Under the Global
option, click R Scripting, to specify the R version (Figure 4-3).
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Figure 4-3. Setting up the R environment in Power Bl

As mentioned in Chapter 3, R is based on packages. Whenever you use a specific
package, you must install it on your machine first. (If you are using Power BI Desktop,
most of the packages are already installed in the service.) You can install packages using
an RIDE, e.g., R Studio. Then, in the Power BI R editor, you must refer to that package.
Moreover, you ensure that you are using the right version of the R package that you
already installed (Figure 4-4).
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Figure 4-4. Specifying an R version and environment in Power Bl

Writing R Code in Power BI

It is possible to write R code in Power BI's report area. To do that, we must import data
into Power Bl report.

A data set that includes car specifications, such as speed in town and along a
highway, cylinders, and so forth, is available to download at https://forge.scilab.
org/index.php/p/rdataset/source/tree/master/csv/ggplot2/mpg.csv. This data set
is free and titled “mpg.csv”’ I am going to use this data set to show the speed of the car on
the highway and the city, the number of cylinders the car has, its year of production, and
type of drive (front wheel, rear wheel, and so on) in one picture. According to Figure 4-1,
to show the comparison of the data among the different items, we must use a table chart.
We are going to import data into Power BI Desktop via the Get Data option and import a
CSV file (Figure 4-5).
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Figure 4-5. Importing a CSV file into Power BI Desktop

After importing the data, you should be able to see it under Fields. Click the R and
drag it into the whitespace area (Figure 4-6).

Visualizations

» B insurance

(N | mpg

o
o
0
T

Filters

Figure 4-6. Putting R into a whitespace area

Expand the mpg data set (Figure 4-7) and choose cty (speed in the city), hwy (speed
on the highway), and cyl (cylinder) options.
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manufacturer
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Figure 4-7. Selecting related data from the mpg file

The R scripts editor will be enabled. Under R script editor, you will see some R codes.
The crosshatch (#) is a symbol for making comments in R and is not executed as script.
Power BI automatically puts the selected fields in a variable named dataset, so all fields
(cty, hwy, and cyl) will be stored in a data set variable equivalent to using the <- syntax.
Also, Power BI automatically removes any duplicated rows. This is explained in the R
script editor area (Figure 4-8).
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]
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R script editor S8R n
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# dataset <- data.frame{cty. hwy. cyl) ™

# Remove duplicated rows
# dataset <- unique(dataset)

Figure 4-8. Active Python environment in Visual Studio 2017
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Next, we are going to put R codes for drawing a two-dimensional graph in Power
BI. In Power BI, to use any R scripts, install the package in R, using the install.
package() function. In our case, we must install ggplot2. We use the function
library(ggplot2) to refer to this package. The first line of code in the R editor is
library(ggplot2). This package contains some important functions for drawing charts.
To draw a chart, I first use the ggplot function, to configure a two-dimensional
chart. The first argument is dataset, which holds our three fields. Then we have another
function inside ggplot2, named aes, which identifies which file should be on the x or
y axes. Finally, in the chart, I also want to indicate the number of the car’s cylinders.
This can be done by adding another layer in the aes function: Size. So, cars with more
cylinders will have bigger dots (see Figure 4-9).

t<ggplot(dataset, aes(x=cty, y=hwy,size=cyl))

“(,ry 2
L - = |

# Create dataframe
# dataset <- data.frame(cty, hwy. cyl)

# Remove duplicated rows

# dataset <- unique(dataset)

library(ggplot2)

t<-ggplot(dataset, aes(x=cty, y=hwy.size=cyl))
t

Figure 4-9. R script editor

However, the preceding figure shows the graph area without any specific charts.
We need a scatter chart to indicate the city and highway speeds on x and y axes.
ggplot2’s geom_point function draws a scatter chart. This function has value of pch=21,
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which relates to the shape of the dot in the chart. For example, if I set this value as 20, it

becomes a filled cycle; a value of 23 becomes a diamond shape. To run the code, click

the run option (Figure 4-10).

* Create datatramse
¥ dotaset <- dataframe{cty, hwy, of

¥ Remave dupicated rows

-

Run the code

Figure 4-10. How to run the R code

After clicking the run code option, the charts will be shown in R visual (Figure 4-11).
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R script editor

# Create dataframe
# dataset <- data.frame(cty, hwy, cyl)

# Remove duplicated rows

# dataset <- unique(dataset)
library(ggplot2)
t<-ggplot(dataset. aes(x=cty. y=hwysize=cyl}) + geom_point(pch=21)

t

Figure 4-11. Drawing a chart using the ggplot function

In Figure 4-11, you can see that we have three different fields: highway and city
speed, along the y and x axes, respectively. A car’s cylinder variable is shown as a
different cycle size. However, you might need a bigger cycle, to differentiate cars with
8 and 4 cylinders. We accommodate this need by adding another layer, by adding a

function name, as follows:
scale size continuous(range=c(1,5))
Following, is the entire code:

t<-ggplot(dataset, aes(x=cty, y=hwy,size=cyl)) + geom point(pch=23)+
scale size continuous(range=c(1,5))
in the scale size continues(range=c(1,5))

The difference between the lowest and highest value specified is 5. I can increase this
difference by changing it from 5 to 10. The resulting scatter chart is shown in Figure 4-12.
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R script editor

# Create dataframe
# dataset <- data.frame(cty, hwy. cyl)

# Remove duplicated rows
# dataset <- unique(dataset)

library(ggplot2)
t<-ggplot(dataset. aes(x=cty. y=hwy.size=cyl)) + geom_point{pch=21)+scale_size_continuous(range=/

Figure 4-12. Scatter chart showing speed in the city and on the highway, plus the
number of cylinders

In the next example, I have changed the pch value to 24 and added another code
inside the aes function name: fill=Red. This means that the chart will show solid red
rectangles (Figure 4-13).

t<-ggplot(dataset, aes(x=cty, y=hwy,size=cyl,fill="Red")) +
geom point(pch=24)+scale size continuous(range=c(1,5))

PEEEBRRED
b EErpp
> EEEE
s e BEBEE
FEEE-
o
»

| o d
[
o
[ 23 2 2

Figure 4-13. The final chart
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By using the facet command in R, it is possible to show five different variables in
just one chart. This helps us to have more dimension in our chart. For this we are going
to show the year a car was produced and its type of drive. Therefore, we must change the
code, as follows:

t< ggplot(dataset, aes(x=cty, y=hwy,color = factor(cyl))) +
geom_point(size=4)

By changing the aes function argument, we have replaced size argument with
color. This indicates that I want to differentiate a car’s cylinder values not just by cycle
size, but that I am going to show them by allocating different colors to them. Hence,

I change the aes function as in the preceding code snippet.

We must change the code, as follows:

library(ggplot2)

t<-ggplot(dataset, aes(x=cty, y=hwy,color = factor(cyl))) +
geom_point(size=4)

t<-t + facet_grid(year ~ drv)

Now, you can see the car’s speed on the highway and in the city in y and x axes.
Also, we have cylinders as a color and drive and year of production as a facet (Figure 4-14).

F — =
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highway the drive Type:d drive, rear drive
and front drive ° sy
e * Years:1998 and 2008 -
L] /
. 8 @ i
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Figure 4-14. Drawing a table chart showing five variables in the same chart
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R Features in Power Bl

R script editor has some features that help us to better use Power BI Desktop, such as

slice and dice and edit R code.

Slice and Dice

Rvisuals are interactive. It is possible to slice and dice them. We are going to use a slicer
to slice the facet chart. We also are going to insert a year slicer in the report area, to filter
the R visual (Figure 4-15).

oatasetirwy

dataveticty

Figure 4-15. Slicing and dicing the R visual

Edit R Code in RStudio

It is possible to open the code in RStudio with the data. There is also an option to run the
R code in RStudio using the data we have (Figure 4-16).

49

www.EBookswWorld.ir



FIELDS

Lazs

Calumnl

OEENONONEOONEN

CHAPTER 4 R VISUALIZATION IN POWER BI
VISUALIZATIONS
=i =h
CHOEe
EER® -
| I
RunitheiRicodelinsidelRstudio
R script editor CHN - _ ™

# Create dataframe
# dataset <- data.frame{cty, hwy, cyl, year, drv}

# Remove duplicated rows

# dataset <- unique{dataset)
library(ggplot2)
otidataset aes(x=d
facet_wrap{datasetSye:

ptScty.y=datasetShwy.color=dataset$cyl))+geom_pointipch=20)

Figure 4-16. Running the R code

After clicking the Run option, a page will be open in RStudio that contains the data

related to the car. The imported data set contains all changes in data (Figure 4-17).
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ibrary(ggplot2)
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Microsoft R Open 3.3.3

The enhanced R distribution from Microsoft
Microsoft packages Copyright (C) 2017 Micros
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Figure 4-17. Opening R code in RStudio
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Custom Visuals

Using custom visuals is another way to extend the capability of visualization in Power
BI. There are two ways to access custom visuals:

1. Use existing custom visuals available from the Office store

2. Create custom visuals

Custom Visuals in the Power Bl Office Store

The Office store provides a variety of custom visuals to the Power BI user. To access
them, you must first sign in to your work account (Figure 4-18).

o T
Bl - - . - e Loda Frast €
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Figure 4-18. Signing in to a Power Bl account

Then, in the Power BI Visualizations panel, click the three dots and select the Import

from store option (Figure 4-19).
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Figure 4-19. Importing visuals from the Power BI store
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Next, you will see a page with the title “Power BI Custom Visuals.” There are many
categories listed here, such as filters, KPIs, Maps, Advanced Analytics, Time, Gauges,
Infographics, and Data Visualizations (Figure 4-20).

Power Bl Custom Visuals

Search jo Suggested for you v
Category Histogram Chart
2 3 Add
All IIII Visualises i stribution of data over a continuous
g  interval or certain time period
Editor’s Picks [— ek
Filters
KPls Funnel with Source by MAQ Software
)-.- Displays stage-wise metric with the source (entry point
Advanced Analytics | i
Time
Time series decomposition chart
Gauges Add
aug A b\ Understand the time senes components using
Infographics Seasonal and Trend decomposition using Loes
Data Visualizations *kk
Association rules
: Add

Figure 4-20. Power BI Custom Visuals pane

As mentioned, Power BI Custom Visuals includes an Advanced Analytics category.
By clicking it, you will see such advanced analytics as time series, associative rules,
clustering, and more. I am going to use one of these custom visuals to forecast milk
production.

The first step is to import a milk data set into Power BI Desktop. The data has two
columns: date of milk production and value of the milk (Figure 4-21).
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FIELDS
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T

Figure 4-21. Milk production data

We must now import custom visuals from Power BI Custom Visuals, to forecast milk
production (Figure 4-22).

-----

Time Series Forecasting Chart

Advanced Analytics

Forecasting with ARIMA

J

VitaraCharts - MicroChart

[

Figure 4-22. Advanced Analytics time series custom visual

After importing Custom Visuals, you will see that it has been added to the standard
visual panel (Figure 4-23).

VISUALIZATIONS

Figure 4-23. Forecasting a custom visual
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Having imported the forecasting custom visual, we must now choose the date and

value for the data field.
This custom visual uses an Exponential Smoothing algorithm for forecasting milk

production over the next ten months (Figure 4-24).

fISUALIZATIONS

Forecasts from

Value

Date

Figure 4-24. Forecasting milk production

The forecasting chart shows in yellow the actual data related to the production of
milk in the previous months, and the forecasting for the later ten months is in red.
The algorithm behind the scenes is not accessible, and we are only able to change

the parameters (Figure 4-25).
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Figure 4-25. Forecast milk production for the next ten months

Custom visuals in Power BI extend the possibility of having different charts.
However, the number of custom visuals created by the Microsoft team is limited.
To extend visualization capabilities, there is a way to create custom visuals by using
R scripts. In the next section, I will explain the process of creating custom visuals.

Creating Custom Visuals

Some of the main Power BI standard visuals in Power BI Desktop are widely used.
However, as mentioned in the previous section, it is possible to extend these with custom
visuals. To access the custom visuals, you must click Market Place in Power BI Desktop.
There are two ways to create custom visuals using Java scripts or R codes.

I will explain briefly the process of creating custom visuals by using R codes.

1. The first step is to install Node]JS from https://nodejs.org/.

2. Next, install Power BI visuals tools using the command prompt
(Figure 4-26):

npm install -g powerbi-visuals-tools
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_npm install -g powerbi-visuals-tools

hpm
hpm 3
hpm
hpm
hpm [
pm SEGIE
hpm JEGTE
hpm [

hpm

b graceful - fs@‘d 8.2 as soon as possible. Use ‘npm ls graceful-fs* to find 1t in the tree.

5"\Users\lella\nocuments>npm Lnstall Ag pouerba-v:suals tools :
P

PO DL VIS Ua Lo PatRage VallUatungL. 0. 0" e {"node”:"»=4.2.4"} (current: {"node":"0.12.2","npm":"2

typescript@2.1.5: wanted: {"node”:">=4.2.8"} (current: {"node":"@.12.2","npm":"2.7.4"})

gulp-debug@3.1.6: wanted: {“node“:“):d“} (current: {"node”:"9.12.2","npm“:"2.7.4"})

eslint@3.19.@: wanted: {“"node”:"»=4"} (current: {"node”:"8.12.2%,"npm“:"2.7.4" })

stringify object@3.2.0: uanted {"node":">=4"} (current: {"node":"@.12.2","npm":"2.7.4"})
node-uuid@1.4.8: Use uuid module 1nstead
tough-cookie@2.2.2: ReDoS vulnerability parsing Set-Cookie https://nodesecurity.io/fadvisories/13e
minimatch@2.@.10: Please update to minimatch 3.€.2 or higher to avoid a RegExp DoS issue
minimatch@e.2.14: Please update to minimatch 3.0.2 or higher to avoid a RegExp DoS issue
graceful-fs@1.2.3: graceful -fs v3.0.@ and before will fail on node releases >= v7.0. Please update 1

babel-eslint@7.2.3: wanted: {"node":">=4"} (current: {" node :"9.12.2","npm":"2.7.4"})
strip-bom@3.0.0: wanted: {"node” ">-4 } (current: {"node”:"©.12.2","npm":"2.7.4"})
esprima@3.1.3: wanted: {"node":"»>=4"} (current: {"nude":'3.12.2',"npm':'2.?.4'}
esprima@3.1.3: wanted: {“"node":">=4"} (current: {"node”:"0.12.2%,"npm":"2.7.4"}
string-width@2.1.0: wanted: {"node":"»=4"} (current: {"node”:"0.12.2","npm
strip-ansi@4.@.0: wanted: {"node”:">=4"} (current: {"node":"0.12.2","npm":"
is-fullwidth-code-point@2.0.0: wanted: {"node”:">=4"} (current: {"node”:"
request@2.81.0: wanted: {"node” >- 4"} (current: {"node”: "6‘12.2","npmﬁ

b5 aamn

":172.7.4"})

¢ ansi-regex@3.90.0: wanted: {" node :"5=4"} (current: {"node":"9.12.2","npm”:"

har-validator8d 2 1- wanted- [ ngdg ~azd4"Y (cuerent- {“pods>-"0 12 2° “nom

Figure 4-26. Installing Power BI custom visuals via the command prompt

3. After installing the Power BI custom visuals, to ensure that they
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are properly installed, we must run the pbiviz command. After
running this command, the information about Power BI Custom
Visual Tool will be shown in the command prompt console
(Figure 4-27).
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:\Wsers\leila\Documents>pbiviz

LS LAy

oms /+osyhdhyso/

ym/ f+oshddhys+/

ym/ f+oyhddhyo+/

ym/ fosyhdho
ym/ sme
ym/ yddy om+
ym/ shho /mmmm/ om+
! oys/ +mmmm /mmmm; oM+
oso ommmh +mmmm /mmmm/ am+

ymmmy smmmh +mmmm /mmmo/ om+

ymmmy smmmh +mmmm /mmmm/ om+

ymmmy smmmh +mmmm /mmmm/ om+

+dmd+ smmmh +mmmm /mmmm/ om+

Jhmdo +mmmm /mmmm/ S so+/ fym/
Jdmmh fmmmm/ fosyhhy/

/! dmmd

++

PowerBI Custom Visual Tool

Usage: pbiviz [options] [command]

Commands :
new [name] Create a new visual
info Display info about the current wisual
start Start the current visuval
package Package the current visual into a pbiviz file

validate [path] Validate pbiviz file for submission
update [version] Updates the apl definitions and schemas in the current visual. Changes the version If specified

help [cmd] display help for [cmd]
Options:
-h, --help output usage information

-¥, --version output the version number
--install-cert Install localhost certificate

C:\Users\leila\Documents>
Figure 4-27. Confirming Power BI custom visuals

4. Next, we must create an rhtml template. To create a template
folder, we first must create an empty folder in the C drive. After
creating a new folder with the name CustomVisual in the C folder,
then, using the command prompt, we must change the directory
to C:\ CustomVisual. From the command prompt, we run the
following code:

pbiviz new sampleRHTMLVisual -t rhtml

By running the code, a folder with the name sampleRHTMLVisual will
be created in CustomVisual folder. In this folder, there is an R file with
the name script.r (Figure 4-28).
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&« v > ThisPC » Local Disk (C:) » customvisual > sampleRHTMLVisual »
O Name -
» o Quick access
api
> &% Dropbox (RADACAD) Amp
> @ OneDrive o
assets
> = ThisPC dist

> I Seagate Expansion D1 ﬂo_de‘mOdur“
r_files
> WP Network sre
style
_ .npmignore
&T capabilities.json
&T dependenciesjson
&T packagejson
&T package-lock,json
o) pbiviz.json
& tsconfig.json
g tslint,json

Figure 4-28. A sample folder for custom visuals

This is a folder that provides a template with which to create other R
custom visuals. Check the file script. Rinside the folder (Figure 4-29).

1 source('./r_files/flatten_HTML.r'")

2

3 ## ## Library Declarations #####s#uspnyins
4 libraryRequirelInstall("ggplot2™);

5 libraryRequireInstall("plotly”)

() R R R R R R AR R R R R R R R R R i
7

8 f it Actual code #HEHHHHBHERBHAHERAI;H
9 gplot( Petal.Length™, data = iris, fill = “Species’, main
10 FHER R R R RGN R SRR R RN R RN
11

12 ## Create and save widget ##t###gd#uitis
13 p = ggplotly(g);

14 internalSaveWidget(p, 'out.html');

1S BB R R R R AR R R B RR R R RS

Figure 4-29. R codes inside the script file

Now, as you can see in the code in Figure 4-29, we require two
libraries, Plotly and ggplot2, to draw a simple ggplot2 chart
with Plotly.
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Here, the data set has been hard-coded for iris, which is an open
source data set in R. The plot gets the data from the iris data set and
shows the petal and the length and species of the flower. Then we use
the ggplotly function to show the data.

As aresult, we have an R script. Now I first will create a package from
this, then I will write my codes to create different charts. Hence,
Ireturn to the command prompt and type pbiviz package in the
folder (Figure 4-30).

C:\Users\leila\Documents\sampleRHTMLVisual>pbiviz package
Building visual..=
build complete

Building visual...
packaging complete

Figure 4-30. Creating a custom visual in the command prompt

5. Open the custom visual in the Power BI file. To do this, we must
select the Import from file option in the Visualizations standard
panel (Figure 4-31).

VISUALIZATIONS

I 46 M |
==

= s h=N M
PO HOTFE L Mo
BERSGLA

Import from file

Figure 4-31. Importing a custom visual into Power Bl

6. After choosing the Import from file option, we must browse the
sampleRHTMLVisual folder and look for the dist folder. In this
folder, there is a pbiviz file with the folder name. We must import
this file into the Power BI Visualizations panel (Figure 4-32).
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VISUALIZATIONS

L a B - L]
=1l = i = 1

220 F

BEE RS ¢

Figure 4-32. Imported custom visual

7. The last step is to drag and drop the custom visual into the Power

Bl report area (Figure 4-33). The visual is not related to the specific
data.

2018-02-20 13:22:00
Species

M setosa
W versicolor
20-

M virginica

FILTERS

Petal.Length

Figure 4-33. Custom visual with R code

We can change the R code and create a custom visual with a different name and icon.
In another example, I am going to create a table chart. (I already explained the R codes
for this earlier in the chapter.)

First, we must return to the sampleRHTMLVisual folder we have from the sample
Power BI package, then copy the folder, to create a new custom visual. We change the
name of the folder to TableChart. There is a pbiviz file here that contains information
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about the name of the custom visual, the icon, and so forth. We must change the
pbiviz.json files content.

1. Change the name of the custom visual to “TableChart.”

2. Create an icon for a custom visual with the dimension 20x20 and
putitinto the assets folder.

3. Change the address of the icon in the JSON file (Figure 4-34).

Editing
Jurel 1 2 314 §: 1 Gt Tt 819110 1111 12 1 13
( TableCh
"visual™: { e ——
"name": "sampleRHTMLVisual",
"displayName": "sampleRHTMLVisual", TableChart
TableChart

"guia™:
"sampleRHTMLVisualFCOAB75061A74051BC7B70D7B91B82F4",
"yisualClassName"™: "Visual"™,
"version®: "1.0.0%;
"description®: "%,
"supportUrl": "7,
*gitHubUrl™: "*
),
"apiVersion": "1.9.0",
"author": {
"hameT: *%,
"email®™: ""
}, we need to createn incon and put it in the assets fodler
"assets"

®icon™: Hassets/icon.png' I
),

"externalJds": |
"node modules/powerbi-visuals-utils-

dataviewutils/lib/index.js"

I+

"style®: "style/visual.less",

"capabilities™: "capabilities.json",

"dependencies": "dependencies.json",

"stringResources": []

}

Figure 4-34. JSON file name must be changed

4. After changing the name and creating a new icon for the custom
visual, we must save the JSON file and put the created icon in the
assets folder.
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5. Next, we must change the R scripts in the scripts. Rfile. In the
actual code, section, replace the existing code with the following
one.

if(ncol(Values)==5)

{
names(Values)[1]<-paste("X")
names(Values)[2]<-paste("Y")
names(Values)[3]<-paste("Z")

names(Values)[4]<-paste("W")

names(Values)[5]<-paste("M")
g=ggplot(Values,aes(x=X,y=Y,color=Z))+geom jitter()+facet
grid( M ~ W,scales = "free")

}

6. Save the file.

7. We must now return to the command prompt environment and
change the directory to the sampleRHTMLVisual folder, by typing
pbiviz package (Figure 4-35).

_:\customvisual\TableChart>pbiviz package
BULIULTE VISUdL. ..
build complete

Building visual...
packaging complete

:\customvisual\TableChart>_

Figure 4-35. pbiviz command in the command prompt

8. After running the code, we should be able to see a new pbiviz file
with name TableChart in the dist folder (Figure 4-36).

> ThisPC » Local Disk (C:) » customvisual > TableChart » dist

[0 Name

@, sampleRHTMLVisual.pbiviz
[A%. TableChart.pbiviz

-~

5

Figure 4-36. Custom visual for a table chart

62

www.EBooksWorld.ir



CHAPTER 4  RVISUALIZATION IN POWER BI

9. Finally, we must import the created custom visual into Power BI
Desktop and pass the data fields to the visual.

As mentioned, we must change the code, as follows:

if(ncol(Values)==5)
{
names (Values)
names (Values)
names(Values)[3]<-paste("Z")
names (Values)[4]<-paste("W")
names(Values)[5]<-paste("M")
g=ggplot(Values,aes(x=X,y=Y,color=2))+geom jitter()+facet grid
(M~ W,scales = "free")

<-paste("X")

1
2]<-paste("Y")
3

— /e
—_ e

The main data set is Values. The first item in the Values data set relates to the x axis,
the second to the y axis, and so forth.

So, in Power BI Desktop, be careful about the axis you specify in the R code.

As you can see in Figure 4-37, the imported visual has a name and icon. In addition,
in the data fields, we have Values as the main data set, and the sequence of the variable
we put there is as in the code we specify for each of them. For example, the cty field will
be located on the x axis, hwy on the y axis (the second value), and so on.

VISUALIZATIONS

P We

Figure 4-37. Custom visual with a specific R code, name, and icon
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It is possible to change the Value fields to have separate x, y, legend, row, and
column data fields. This can be done from capabilities.JSON. Additional information
on how to change the data fields and how to add more settings is accessible via other
Microsoft sources and the RADACAD web site.

Summary

This chapter explained how to set up Power BI Desktop to write R code. It also described
how to draw a simple chart using R packages, such as ggplot2 and Plotly, inside Power
BI. A very brief explanation of the available custom visuals for advanced analytics in
Power BI was provided. Finally, the process of how we can create R custom visuals by
writing R and JSON scripts was addressed briefly. In the next chapter, the main concepts
for businesses to understand before initiating machine learning will be explained.

Reference

[1] Dr. Abela, The Extreme Presentation ™ Method: Extremely
effective communication of complex information, “Choosing
a Good Chart,” http://extremepresentation.typepad.com/
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PART Il

Machine Learning with R
and Power Bl

Today, there is huge interest in using machine learning in various industries. Consider
Power BI as a collaborative, self-service tool that supports the entire value chain for
descriptive analytics (data ingestion, transformation, modeling, and visualization).

In addition to these functionalities, Power BI provides really good tools for performing
advanced analytics and machine learning. Chapters 5-8 focus mainly on the principal
machine learning cycle inside Power BI. In Chapter 5, concepts related to what
business problem we are going to solve by leveraging machine learning will be
discussed. Chapter 6 focuses on the possibility of data wrangling (data cleaning) inside
Power BI. Chapters 7 and 8 focus on the machine learning algorithm for predictive and

descriptive analysis.
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Business Understanding

Business understanding is the main and first step in undertaking machine learning
in any platform or language. Not all business problems can be addressed by machine
learning approaches. There are some basic categories into which machine learning falls,
including supervised learning and unsupervised learning.
Supervised learning is when both the input and output variables are identified.
Unsupervised learning is when there is only input data, without corresponding variables.
Another machine learning classification is made up of three major groups:

o Descriptive analysis
e Predictive analysis
e Prescriptive analysis

Descriptive analysis uses mainly unsupervised learning approaches for
summarizing, classifying, and extracting rules to answer something that has happened.
Predictive analysis is about machine learning approaches for forecasting based on past
data. Finally, prescriptive analysis uses optimization and recommendation algorithms to
maximize expected outcomes.

However, there are other analytics, such as diagnosis analytics, that also help to
provide a better understanding of a business. According to Gartner [1], these four
analytics approaches help decision makers in an organization to make better decisions.

Each of these approaches (Figure 5-1) provides some values for a company, and
implementing them requires some level of skills. Descriptive analysis is the simplest
approach. It does not demand a high level of skill and can be done with different tools.
Diagnosis and discovery analysis provides more insight into data and requires more skill.
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Diagnostic Predictive
Analytics ) Analysis \ Analytics
Why Did It What Is Likely

Happen? To Happen?

Descri pFive Prescriptive

Analytics Analytics
What Is = What Should |
Happening?

Do About It?

\ Information /

Figure 5-1. Analysis and information [1]

As you can see in Figure 5-2, the next two analyses, predictive and prescriptive,
provide more insight into data and a better understanding of what may happen in the

future, in addition to offering some prescriptive advice. These analyses bring more value
for a company than the other three, and they require a greater degree of skill.

Skills Level

nformation

Optimization

» Value

Figure 5-2. Advanced analytics [1]

In this chapter, I will explain the main concepts of each type of analysis and what
different approaches we can take with each.
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Descriptive Analysis

Descriptive analysis is the main approach with which to understand data and existing
patterns. Descriptive analysis can be used to understand the structure of data, existing
rules, or patterns in data, and so forth. Descriptive analysis can be grouped into three
main categories.

e Operational reports
o Statistical analysis
o Data mining approaches

Operation reports are mainly traditional reports focused on analysis of past data.
These reports are used principally to judge the performance of companies. Figure 5-3
shows such a report, illustrating the average total hourly rate of labor in different
industries and income groups.

Industry Yoar Incoma Growp Industries by Average Hourly Rate
.=== Al w All w AR iy tnceema Growp @ Aveinge Howly Rats ) High Income Groug @ Low Ineome Grous
.Ill
Tl
RADACAD

Average Total Hourly

#verage Income Group Hourty Rate Average Hourly Rate

g

Avarage Hourly Earmis [ndu
o i LY 24 Aorerage Hourly Rate by Income Group  Change of Average Hourly Rate by Year  Change of Average Hourly Rate b

3045

m
Hight Income Group Hourty Rate  Low Income Group Hourly Rane [ e ] b ==

Y o o I oo (IR
[ s
T Avarage Hourly Rate by Year Change of Average Hourly Rate By Industry
T
- IETY
]

2010 0]
[ 2700 ]

Figure 5-3. Average total hourly report using Power BI

69

www.EBooksWorld.ir



CHAPTER 5  BUSINESS UNDERSTANDING

This report provides a brief description of the hourly rate of workers in different
industries. Other types of reports relate statistical facts about data.

Statistical analysis is another way of doing descriptive analysis, which gives us
a better understanding of the statistical behavior of data. There are various kinds
of statistical analysis, such as univariate analysis, in which each column of data is
considered separately, such as a summary of data and data distribution (Figure 5-4).
As you can see from the preceding figure, the average hourly rate of an employee
is presented as a histogram, to show the distribution. In addition, we can see the
minimum, maximum, and average distribution. The median of this data is plotted in
a box or a table format. The box-plot chart shows that the data has been distributed
smoothly at the median (the middle point), which is the same as the data average.

Average Hour Rate Histogram Chart Boxplot of Average Hourly Rate
a Average Hourly Earnings
Min. :17.22
= 1t Qu..27.12
g & Median :20.02
g Mean 3046
S 3rd Qu.:34.89
=] Max. 42.73
o
r T T T 1 - -
15 20 25 30 3/ 40 2 25 0 35 40

AverageHourRate

Figure 5-4. Statistical analysis—univariate analysis

Other forms of statistical analysis are concerned with the bivariate correlation and

regression between two different data columns.

The other one is about finding the rules, natural cluster of data, and existing pattern,
which can be done by data mining approaches (explained briefly in Chapter 8). In
Chapter 8, I explain the code and concept of some algorithms aimed at descriptive
analysis, such as clustering, market basket analysis, and decision trees.

Predictive Analysis

Another type of analysis related to machine learning is predictive analysis. Predictive
analysis is about supervised learning, meaning that we want to learn from past data in
order to predict future trends. Predictive analysis forecasts the future based on some
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probability. There is no way to predict the future with 100% probability. Predictive
analysis is based mainly on the probability of the statistics. We can classify predictive
analysis into two main approaches:

o Regression
o Classification

Regression approaches predict a value, for example, sales for the next three months,
or the number of web site followers over the next three years.

Classification analysis is concerned with making predictions about a group.
Classification predicts which person or thing belongs to which category or categories.
For example, in analyzing a customer churn problem, classification analysis can predict
whether a new customer belongs to a group that he or she may leave or remain in.

For both regression and classification approaches, there are many associated
algorithms to help us. In Chapter 7, some of these algorithms will been explored.

For regression analysis, there are several related algorithms, such as linear
regression, logistic regression, polynomial regression, stepwise regression, ridge
regression, lasso regression, and elastic net regression. In addition, there are some other
techniques, such as neural network, decision tree, and more (Figure 5-5).

g o &
00 & o/o/
& © oo ©
= o C_ ©
g %8 ©
8 | G, (;%0 0
(=]
c og’/ £ o
2l FET
= I
o o
c,//
2 L
< o
T T T T
0.02 Q.00 Q.02 0.04

Figure 5-5. Regression analysis [2]

For classification analysis, there are also many related algorithms, including support-
vector machine (SVM), decision tree, and k-nearest neighbors (KNN) (see Chapter 7).
An example of classification analysis using Power Bl is presented in Chapter 7.
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Time series forecasting is a subdomain of predictive analysis and has some similarity
to regression algorithms. Time series analysis forecast values are based on time. Time

series data may relate to trends and/or seasonality (Figure 5-6).

Forecasts from E...

Value

Date

Figure 5-6. Time series forecasting of milk production

Prescriptive Analysis

Prescriptive analysis is about the recommendation system. A recommendation system
predicts the rating or preference users express for an item. Recommendation systems

can be categorized into two main classes:

o Content-based systems: These find similarities between items.
Content-based recommendation systems analyze item descriptions
and recommend those having greater similarity to a user’s interests [3].
For example, if we want to recommend new movies to a customer,
content-based filtering checks the similarity of the new movies
offered with those the customer has already watched (Figure 5-7).

72

www.EBookswWorld.ir



CHAPTER 5  BUSINESS UNDERSTANDING
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Figure 5-7. Content-based filtering

o Collaborative filtering: This is used to recommend items, based on
how similar users liked the items (Figure 5-8).

. USers
N\ /77//
. ~ arlly
'~ _ These people watched

Figure 5-8. Collaborative filtering [4]

Business Understanding

As mentioned, business understanding is about identifying in what categories we
can fit the business problem. It is important that identifying our problem fit into a
particular category, such as predictive, descriptive, or prescriptive analysis. Business
understanding requires interaction with the business experts and the business
stakeholders. Moreover, the business problem we are going to solve can affect the
algorithm selection process, data collection, and data cleaning. Chapters 6-8 provide
some examples of machine learning for different business problems.
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Summary

This chapter provided a brief introduction to the different data analytics and machine
learning approaches, including descriptive, predictive, and prescriptive analytics. Power
Bl is a comprehensive tool for data-driven analysis that provides an infrustructure for
doing any advanced analytics. In the next chapter, I will discuss how to use R in Power BI
for data wrangling.
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CHAPTER 6

Data Wrangling for
Predictive Analysis

In the machine learning process, after business understanding, the next step is
collecting the right data, feature selection, and data wrangling. Data wrangling includes
data cleaning, joining different data sources, quality control, data integration, data
transformation, and data reduction processes (Figure 6-1).

What Is Collecting, Choosing

Model

Business s Cleaning, and
Problem Loading Data

Split Data

Test Model Train Model

Evaluate
Model

Figure 6-1. Machine learning process
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In this chapter, I am going to show you how to perform data cleaning inside the
Power BI Desktop Query Editor. A brief introduction to Power Query Editor will be
provided, including how to import data from different resources, how to do data cleaning
with Power Query Editor, and how to write R scripts inside it.

Power Query Editor

Power Query Editor is a data transformation tool for Power BI. It is a comprehensive
tool for getting data, data cleaning, data modeling, and writing M, R, or Python scripts.
To access the Power Query Editor in Power BI, you must click the Edit Queries icon
(Figure 6-2).

@ H S ¢ | Labour_published - Power Bl Desktop
ol — e | sl
7 ] s s
Past Ge Recent Enter Edt Refresh Ne
ata ~ _Sources Data gnn i Pag

+ Edit Queries

Jata SOUTCE SEttings

Figure 6-2. Access Power Query Editor

Power Query Editor has different options for data transformation. You can get data
from such different resources as Excel, CSV, XML, JSON, Folder, SharePoint, SQL Server,
SAP, MySQL, Oracle, Azure, Azure Blob, Azure SQL, Azure HDInsight, Google Analytics,
Dynamics, Facebook, MailChimp, and more (Figure 6-3).

76

www.EBookswWorld.ir



CHAPTER 6  DATA WRANGLING FOR PREDICTIVE ANALYSIS

< |
Get Data

All @) oo 73

File

B oo

Database
Azure
Online Services

Other

Corpent Cancel

Figure 6-3. Data resources available in Power Query Editor

Power Query Editor has different components. The Home tab has a component for
getting data from different resources, performing some simple data transformation, and
an advanced editor for writing M language. Using Power Query, we are able to view in a
small window the steps applied for data transformation (Figure 6-4).

Figure 6-4. Home tab in Power Query

Another component in Power Query is the Transformation tab. It provides some of
the tools required for data transformation, such as changing date and time columns,
statistic transformations, and so forth (Figure 6-5).
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Figure 6-5. Power Query Transformation

In addition, there is a component named Run R scripts that allows users to write
related R codes inside Power Query. In the next section, I am going to show you how we
can do some data transformation with the aim of machine learning and data analysis,
using Power Query.

Data Wrangling in Power Query

Before doing machine learning, we must go through two main processes: data
preparation and data wrangling. Data preparation involves collecting data from
resources, integrating it, and loading it into one resource, similar to the ETL (extract,
transform, and load) process.

Data wrangling is loading the data and applying the data cleaning, formatting, and
integration in the application layer.

The Python language includes some popular data wrangling processes, such as
reshaping data, selecting data, and merging data.

Reshaping Data

One of the main approaches for reshaping data is pivoting. This involves converting
column data to the column name, as illustrated in Figure 6-6.
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Date Type Value
A 12.
2" March 2018 SE
A 23.69
3"“March 2018

2" March 2018

2" March 2018

3"“March 2018

Type A

Date

2"March [12.36

3“March |23.69

Figure 6-6. Pivoting data

The related code to create data in Python (Figure 6-7) is

data=[["2nd March 2018","A",12.36], ["3rd March 2018","A",23.69],
["2nd March 2018","B",25.36], ["2nd March 2018","C",17.28],
["3rd March 2018","B",19.2]]
using package pandas
import pandas as pd
df=pd.DataFrame(data)
pivot table
df=pd.pivot table(df,index=[df[0]],columns=df[1])
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2
A B C

nd March 2018 12.36 25.36 17.28
3rd March 2018 23.69 19.20 NaN

o |
Figure 6-7. Pivoting using Python code

1
2
2
3

In R, we can do this via the following code:

install.packages("tidyr")

date=c("2nd March 2018","2nd March 2018","2nd March 2018","2nd March
2018","2nd March 2018")

Type=c("A","A","B","C","B")

index=c(0,1,2,3,4)

Value=c(12.36,23.69,25.36,17.28,19.2)

df=data.frame(index,date, Type,Value)

library("tidyr")

spread(df, Type,Value)

and the result is the same (a bit different out put)

Now we are going to see how we can launch this process in Power Query without
writing any code. To pivot data using Power Query, we must enter data, by using the

Enter Data option (Figure 6-8).

1 & Untitied - Query Editor

ity
AT T

Figure 6-8. Entering data manually

By clicking Enter Data, we are able to put data in Power Query manually (Figure 6-9).

80

www.EBooksWorld.ir



CHAPTER 6  DATA WRANGLING FOR PREDICTIVE ANALYSIS

Create Table

b e = s ~ Column name
e J

New coulmn

| Put proper |

/ nama for tabla
e’

-

Figure 6-9. Creating a data table

We have the same data as we have in Python (Figure 6-10).

Figure 6-10. Data set in Power Bl

Now we just click the Type column (Figure 6-11). Then we click Pivot Column under
the Transform tab.

I 5 | Untitied - Query Editor
B on | oo | asscwen v oo

g C8 Weaspose Dstsype:Text = 1, Repiace Values = 5 Unpivot Columns = . tale 11 Meroe Coumn X @©= Tigon
B ReverseRows T Detect Data Yype [T] Fill = 3 Mowe = R M 2 =] . "
wp Use First Row St Format Statisties Standar,
y  ssHesderss J-CountRows ) Rename Gna Cobumn Conwert to List Columns = ‘HPaner .
Tadie Any Coluen Text Column Number Column

Figure 6-11. Click the Type column and pivot option
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Next, we specify which column we are going to put a value and type to (Figure 6-12).

Any Loumn fext Lolumn HumBer Lomamn Uate & Iime Lolumn  Struclured Lolumn  Scnpts

R 2nd March 2018
F 3rd March 2018
BNl 2nd March 2018
LI 2nd March 2018
Rl 3rd March 2018

Pivot Column

Use the names in column “Type™ to create new columns.

Values Column
Date

Date

Value

10 MG

Figure 6-12. Specifying type and values

The result of pivoting is shown in Figure 6-13.

Any Column Text Column

2nd March 2018
3rd March 2018

3rd March 2018

Figure 6-13. Pivot table
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There are other examples of reshaping, such as unpivoting, melting, and iteration,
that all can be done in Power Query. In addition, the process of selecting and putting a
condition to check data can be done quite easily in Power Query.

Selecting Data
For selecting a value with a condition in Python, we use the where function, as follows:

df.where(df[2]>17)

In the df data set, we are going to select values that are greater than 17 (Figure 6-14).

»>»> df.where(df[2]>17)

2 1 2
e NaN NaN NaN
1 3rd March 2018 A 23.69
2 2nd March 2018 B 25.36
3 2nd March 2018 C 17.28
4 3rd March 2018 B 19.20

Figure 6-14. Selecting values using Python

In Power Query, you must click the column you are going to filter, then choose the
filter option, number of filters, and Greater Than Or Equal To option (Figure 6-15).

| = | Untitied - Cuery Editor
u Home  Tnstorm  AddCokmn  View  Help
x M T, — B r 3 DataType Decimal Number = [ Mesge Quenies =
o 3

ek Mew  Recent  Erter
#y=  Sourct= Sourcts = Duts
e Hew Qutry

] Dets Mot Eaus

reater Than

Greater Thae Or Egual To (i

Figure 6-15. Power Query select values
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Then, in Power Query, simply filter the column to 17 (Figure 6-16).

Figure 6-16. Power Query filter value

Merging Data

Another popular form of data preparation is merging data, for example, joining two
tables, possibly from different data sources. In Python, if we want to do this, there is a
merge function that we can use to connect two different data sets. For example, consider
the following data set:

data1=[["a",11],["b",1],["c",99]]
data2=[["a",20],["b",0],["d",21]]
datal=pd.DataFrame(datal)
datal.columns=["Type","Value"]
data2.columns=["Type","Value"]
data2=pd.DataFrame(data2)
merg=pd.merge(datal,data2,how="1left"',on="Type")

As you can see in the preceding code, we can specify the join type and join column.
We can change the how attribute to left, right, inner, and outer (Figure 6-17).

>>> merg

Type Value_x Value_y
%] a 11 20.0
1 b 1 0.9
2 C 99 NaN

>>> I

Figure 6-17. Using Python to merge data
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The same process can be performed in Power Query. I have created two different
data sets, Datal and Data2, in Power Query (Figure 6-18).

I = | Untitled - Query Ecitor

de Home Tanfom Add Column. View Help.

|,, T By Properties [ Ll mey mm Al g Dstalpeleds :-E‘erouenu:io
&l > 2 1

L& [tasvanceasono e % T [ UserustRowast T waerge Cueries r
Recent  Enter  Data sousce kansge Refreih Choote  Remove Keep Femove Spit  Geoup 38 =
settn -

New
Source ~ Sources = Data I3 Parameters =  Freview= [0 Manage = Columns = Columns >  Flows = Rows = Column By ! &5 35 New
Menge this queny with ansther ..
New Cuery Dot Sources  Parameters Chery Klansge Calumm Reduce Rows  Sort autry in th file. | Combine

= Table.TransformColuanTypes(Source, {{"Type", type text}, {“Valuwe®, Intéd.Type}})

N
- b L Lz

Close &

Figure 6-18. Creating a data set in Power Query

After creating a data set, you must click the Merge column, to merge Datal with
Data2 (Figure 6-18).

In the Merge window, we can specify which column we are going to merge, based on
and what type of merge we are interested in (Figure 6-19).

Merge

Select a table and matching columns to aeate a merged table.

Datal

Jonun Kind
Laft Outer (all from first nmb:hnghmnsemmﬂ - o
Left Outer (all from first, matching from secand)
| Right Outer (all from second, matching from first)
Full Outer {all rows from both)
Inner (only matehing rows)
Left Anti {rows only in first)

Right Anti (rows only in second)

Figure 6-19. Merging data based on the Type column and Left Outer join
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After merging, we must specify what columns we want to show to users (Figure 6-20).

% Expand Aggregate

W (Select All Columns)

[Type]
¥ Value

¥ Use oniginal column name as prefix

=3

Figure 6-20. Column selection

Then the output will be there, and we will be able to see the results (Figure 6-21).

j} = Table.ExpandTableColumn(#"Merged Queri

- AB(_ Type ‘ 133 Value 123
11
1

89

Figure 6-21. Result of merging Datal and Data2

These are some basic data transformations that you can do in Power Query. There
are more complex processes that you can do using the Power Query menu or M or R
languages.

Data Transformation Using R Scripts

Not all data transformation is possible or easy using existing menus in Power Query. To
improve our ability to transform data, we can use R inside Power Query. There is a data
set about breast cancer in women available from the Kaggle web site (https://www.
kaggle.com/1lbronchal/breast-cancer-dataset-analysis). This data set is made up of
569 rows and 32 columns. The first column is patient ID, and the second is the diagnosis.
The rest of the columns relate to the cancer cell’s specification.
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Columns 2 to 32 have some numeric values that are not within the same range. For
example, the “radius_mean” column has values from 6.9 to 22, while the “compactness_
mean” column has values from 0.019 to 0.34. There is another data preparation process,
named normalization, to bring data into the same scale. This process is good for some
algorithms, such as IKNN; however, it is not always recommended (see Figure 6-22).

Figure 6-22. Data set related to breast cancer in women

Normalization

Normalizing data means bringing it within a specific range, such as 0 to 1. I am going to
use a formula for normalizing names, following a “MinMax” approach. In this example,
I will bring the data from all the columns in the cancer data set into the range of 0 to 1,
except the patient ID and diagnosis columns (which consist of text).

First, for each column, we must find the minimum and maximum value. For each
value, we must calculate the formula, as follows:

' min(x)-x
Normalize value =

max(x)—min(x)
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We can apply this transformation to data, using the R language in Power Query.
In Power Query, there is an option for writing R code: Run R Script (Figure 6-23).

#. 1y Merge Cob
© i3 Eetract
Soht  Format Dat Dur L
et o List Parse Bitract Vanls  gerigh
Text Cobumn Number Column Date & Time Cotumn  Structured Colden  Scripts
_TramsforsColusnTypes (8 Promotes Meaders™, ({"1d", {~diagrosis”, type text}, {"

6528
1583 .82 732 01077 007804 002048

FERH #7685 ErEE 00T 006534

1 o e o.1031
Run R Script
Type or paste an R sanpt in the editor below to DE."CIm transformation and shapang stegps. 0.08578

Script

# "dataset’ holds the input dato for this seript

@ o
0.0862

The R home dinectory is curmently set to chprogram fleskmacrosaltys operie-340,

Go to Dptions and Settings to change which installation you want 1o nun, and for more configuration options.

1358 foE] 56,43 5841 01007 o8 o078
1345 183 L2 5351 02022 008165 C03974
53 237 24 724 o082 01887 01685
5608 684 6184 805 oL08481 008228 0.08422
134 1695 548 5524 0.07937 0.056556 o8l
15,05 1584 271 506 0.08582 008728 0.004559

Figure 6-23. Running R scripts in Power Query

The Run R Script editor is not very advanced. The data you want to transform is
stored under variable name dataset.

Hence, we are going to use the dataset variable and the formula for normalizing
the data.

In R, I will write a function to put the MinMax formula there.

Normalize<- function (x)

{

return ((x-min(x))/(max(x)-min(x)))

Then I must apply this function to the data set. For this, I must use another function
in R, named lapply.
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The lapply function gets the data set and the name of the normalized function.
It then applies the function of the data set. In my example, you do not have to apply
MinMax normalization on the first and second column, so you just use dataset[3:32]
instead of dataset.

NormalizedData<-as.data.frame(lapply(dataset[3:32],Normalize))

As you can see in Figure 6-24, after writing the code, we need to press the OK button.
Power Query will apply the normalization transformation to the data.

s - s

Text Column Number Column Date & Time Column Structured Column  Scripts

set’ holds the input data for this script(1f)Normalize<- function (x) #(1F){2(1f)return ((x-min(x))/(max(x)-nin(x)})2(1F)}2(1F)2(1F)2(1f)

Run R Script

Type or paste an R script in the editor below to perform transformation and shaping steps.

Seript

# ‘dataset’ holes the input dats for this script
Normalize<- function (x)

{
return ((x-min(x)}/(max(x)-nin(x)))

NormalizedDatac-as.data. frame(lapply(dataset[3:32],Normalize))

The R home directory is currently set to c\program files\micresoft's openiyr-3.4.00
Go to Options and Settings to change which installation you want to run, and for more configuration options.

Figure 6-24. R Script editor

After running the codes, the result of the data transformation is shown in Figure 6-25.
You can see the applied steps in Run R Script.
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QUERY SETTINGS
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Figure 6-25. Normalized data

Other Data Transformation

There are other ways to transform data with Power Query.

Change Data Type

To change the data type in Power Query, click the Data Type option and choose the
right data type. Likewise, you can change the data type by clicking the icon beside each
column (Figure 6-26).

i ld=
“ Home Transform Add Column View Help
memm OB Tanspose Data Type: Whale Number 5] &, , Replace Values * 55

= | 8 Reverse Rows [ Detect Data Type & Fin -
Count Rows

Unpivot Columns =

ove ¥
Group Use First Row
By  as Headers~

Table Any Column

Rename S Pt Column [ Convert to List

Queries [5] _ = Table.TransformCol

Figure 6-26. Changing the data type
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Group By

In Power Query, we can also group data by specific aggregation options. First, we must
click the column we want to group data by. Then we click the Group By icon in the menu
(Figure 6-27). In the Group By window, we choose the Group by option we want and the
aggregation type, under Operation. Next, we choose Sum as the aggregation option.

Diate & Time Column  Structured Column  Sorigts

wBasid O Adanced
Specily the column to group by and the desired output
Group by o
Tiee -
Hew calumn name

Count

Figure 6-27. Group by data with specific aggregation

Finally, the data will be grouped by type value (Figure 6-28).

Any Column Text Column

Figure 6-28. The resulting aggregated data
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Many other kinds of data transformation, such as splitting columns based on the
delimitator, transposing rows, changing the data type, adding date or time columns,
including some statistical computation, merging columns, and so forth, are possible.
Under the Add Column tab, it is possible to add custom columns, create columns from
examples, create functions, format data columns, add columns for date, month, days,
time, among other things. In addition, it is possible to transform data using the M
language, although this is beyond the scope of this book.

Summary

This chapter offered a brief introduction to how to use R inside Power Query Editor. It
explained how we can use it to reshape data, select data, write a mathematical function
using R codes and apply it to a data set, and so forth. There are other uses for R or Python
inside Power Query Editor, such as using R for regular expressions or using R and Python
for machine learning. In the next chapter, more examples of using R in Power Query
Editor will be presented.

92

www.EBookswWorld.ir



CHAPTER 7

Predictive Analysis
in Power Query with R

In this chapter, the process of doing machine learning inside Power BI Query Editor by
writing R code will be explained. The main aim here is to provide some examples of how
we can use R codes for predictive analysis (classification and regression). The concepts
and codes related to some of the algorithms will be provided. In addition, the process

of automating predictions via parameters inside Power BI Query Editor also will be
discussed.

Neural Networks

What we expect from a computer is that we provide some inputs and then receive
outputs that match our needs. Scientists try to mimic the human brain by creating an
intelligence machine—a machine that does the same reasoning as humans.

The most important element of the human brain is neurons. Human brains consist
of 75 million neurons. Each neuron is connected to others via synapses. So what we have
in a neural network are some nodes that are connected to one another. In the human
body, if a neuron is triggered by some external element, it will pass the message from the
receiver node to other nodes, via synapsis. (Figure 7-1).
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Figure 7-1. Neural system

Neural networks mimic the same concepts as the human brain. One node gets some
input from the environment, and the neural network model creates outputs that produce
the result just as a computer system would (Figure 7-2).

INPUTS

OUTPUTS

Figure 7-2. Computer system architecture

In a neural network there is a
e Setofinputs nodes
e Setof output nodes
o Some processing in the middle, to achieve a good result
e Aflow of information

e A connection between nodes
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Some of the connections are more important than others, meaning that they have a
greater impact on the results than others. In neural networks, we refer to this importance
as the connections’ weights.

Another analogy that better expresses the goal of a neural network is the descent
after climbing a mountain. When we reach the summit and the weather is foggy, we are
only able to see one meter ahead. We must decide which direction to choose with only
one meter of visibility. We take a first step based on the location, again deciding which
direction to follow and taking other steps. So, with each step we are evaluating the course
and choosing the best way to come down from the mountain (Figure 7-3).

Figure 7-3. Neural network comparison with mountain climbing

Each decision can be viewed as a node that leads us to a better and faster resolution.
In a neural network, there are some hidden nodes that perform the main task. They find
the best value for the output while using a function called an activation function.

In this section, I am going to refer to an example from Machine Learning with R [1].
The example is about predicting the strength of concrete. The concrete has been used in
many different structures, such as a bridge, apartment, roadways, and so on. For safety,
the strength of the concrete is critical. The concrete’s strength depends on the material
used to create it, such as cement, slag, ash, water, and so forth. We have a data set of the
ingredients of the concrete (Figure 7-4). You can download it from “Machine Learning
with R datasets” [2].
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A B c D E F G H 1 1
cement  slag ash water superplasti coarseagg fineage  age strength
1413 212 o 2035 o 9718 7485 28 2989
1689 422 1243 158.3 108 1080.8 796.2 14 23.51
250 o 95.7 1874 55 956.9 8612 28 2922
266 114 o 228 o 932 670 28 45.85
1548 1834 o 1933 9.1 10474 6967 28 18.29
255 o o 192 o 8898 945 90 2186
1668 21502 o 2035 o 9756 692.6 7 1575
2514 o 1183 1885 64 10284 7577 56 3664
296 o o 192 o 1085 765 28 2165
155 184 143 194 9 880 699 28 28.99
1518 1781 1387 167.5 183 944 6946 28 36.35
173 1186 o 192 o 946.8 as68 3 6.94
385 ] o 186 o 966 763 14 27.92
2315 2315 o 228 o 932 594 7 26.26
167 187 195 185 ¥ 898 636 28 2383
2138 981 245 181.7 6.7 1066 7855 100 49.97
2315 23715 (1] 228 o 932 594 28 30.08
336 o o 182 3 986 a7 28 4486
150.7 ] 1254 162.1 8 1090 804 3 15.04
mz o o 1781 a8 999.7 8222 28 25.1
229.7 o 1182 195.2 6.1 1028.1 757.6 3 13.36
228 3421 o 185.7 o 955.8 6743 7 2192
236 157 o 192 o 9726 745.1 T 2042
132 207 161 179 5 B&7 736 28 333
331 o o 192 o 1025 821 28 L7a
310 143 ] 168 10 914 804 8 453
304 7% o 228 a 932 670 90 49.19
425 1063 o 1535 165 852.1 8871 91 65.2
166.1 o 1633 176.5 4.5 10586 780.1 28 21.54
255 9 7 189 6 919 748 28 338
339 o o 197 o 968 731 28 3204
475 ] o 28 L] 932 594 8 39.29
145.7 1726 (1] 1819 34 985.8 8168 28 2374
33 145 ] 127 8 1000 822 28 44.52
EES | 0 0 192 ] 1025 821 90 37
178 1298 1186 1739 36 1007.3 7468 28 39.16
165 o 1436 163.8 o 10056 900.9 14 16.88
27712 a7.8 245 160.7 112 1061.7 7825 14 a7
325 o o 184 o 1063 783 7 17.54
concrete  (¥)

Figure 7-4. Concrete data set

A neural network can be used for predicting a value or class, or it can be used for
predicting multiple things. In our example, we are going to predict a value, that is, the
strength of concrete. First, we load the data in Power BI, and in Query Editor, we write
some R codes. Then we must make some data transformations (Figure 7-5).
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o R@

Figure 7-5. Pivot using Python codes

Asyou can see in Figure 7-5, in the sections labeled 2, 3, and 4 (circled in red), data
is not on the same scale. We must impose some data normalization before applying
any machine learning. The process of data normalization is explained in Chapter 6. The
same code is used to normalize the data here.

normalize <- function(x) {
return((x - min(x)) / (max(x) - min(x)))
}

concrete norm <- as.data.frame(lapply(dataset, normalize))

After data cleaning and data transformation, we must separate in the data set some
parts for training and some for testing. This process helps the model to learn from data
and to mimic the data behavior. Therefore, we must devote more than 70% of the data
for training and the rest for testing. To avoid bias, we must shuffle the data. A sample
function in R has been used to create random row numbers for the data set. In addition,
80% of the data has been put in the training data set and the rest reserved for testing.
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nrows<-nrow(dataset)
sampledata<-sample(nrows,0.8:«nrows)

concrete train <- concrete_norm[sampledata, ]
concrete_test <- concrete norm[-sampledata, ]

There are many packages and algorithms for using neural network algorithms in R.
One such package is neuralnet. This package contains a function for a neural network
algorithm. To use this package, we must install it in RStudio, using install.packages()
first. After installing the package, we only have to refer to the vis package library
command.

library("neuralnet")

The next step is to create a training model using the training data set and identifying
which column we are going to predict.

concrete model <- neuralnet(strength ~ cement + slag
+ ash + water + superplastic + coarseagg + fineagg + age,
data = concrete train)

Now that the model is created, we can test it for accuracy. We are going to run the
model against the training data set for all eight attributes.

model results <- compute(concrete model, concrete test[1:8])
predicted_strength <- model results$net.result

And we must create an output data set to show to the user.

output<-dataset[-sampledata, ]
output$Pred<-predicted strength+100

The result will be stored in an output variable that is in a data frame structure.
Another important consideration is that Power Query only recognizes the data. Frame
format. So, other data structures, such as vectors, lists, and matrices cannot be shown in
the Power Query editor (Figure 7-6).
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Figure 7-6. Prediction result

It is possible to see the neural network structure in the visualization area, to see the
hidden node, layer, and so forth. Therefore, we must duplicate the data set for concrete
in Power BI Report, using the R custom visual, as shown in Figure 7-7. Next, we must
write the same codes for neural network prediction and add another line for plotting
the model. Run the code, and you will see the neural network structure that has just
appeared on the layer, and the error is 3.001.

normalize <- function(x) {
return((x - min(x)) / (max(x) - min(x)))
}
concrete norm <- as.data.frame(lapply(dataset, normalize))
summary(concrete norm$strength)
concrete train <- concrete norm[1:773, ]
concrete test <- concrete norm[774:1030, ]
library("neuralnet")
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concrete model <- neuralnet(strength ~ cement + slag
+ ash + water + superplastic + coarseagg + fineagg + age,
data = concrete train)

plot(concrete model)

2-choose R custom
visula from visuizations 1-import dataset into
pan Power Bl

4- Neural Network model has been shown

o
=
=
=
o
g
g
g
=

3-write some R codes for drawing the Neural
Network model

Figure 7-7. Neural network model structure in Power BI Report

We can mitigate the error by changing the number of hidden nodes and layers.

Decision Trees

A decision tree is a common approach for doing machine learning. This tool can be used
for prediction, descriptive analysis, and feature selection. A decision tree follows the way
that we reach decisions. Imagine a job seeker who wants to decide among a number of
different jobs. He or she has established some criteria for his/her selection, such as the
following: What are the responsibilities? What is the annual salary or hourly rate? Finally,
how many times a year is travel required? We can simulate the job seeker’s decision-
making process, as shown in Figure 7-8. The root of the tree is the main decision point,
that is, saying yes or no to the job. Then the most important criterion is whether the job
title matches the searcher’s expertise. The second most important criterion is salary.
Finally, if there is no leaf, the third criterion is to check the number of required travel
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days per year. The decision tree uses information gain theory to identify what is the
main criteria are for tree branching. Details on how this works are available at http://
radacad.com/decision-tree-conceps-part-1 [3].

Figure 7-8. Decision tree for job-seeking

There are different ways of using decision trees in Power BI. One approach involves
Power BI custom visualization.
To access this, you first must sign in to a Power BI account (Figure 7-9).

Leila Etaati ®

R Leila Etaati

@radacad.co

Figure 7-9. Power Bl account
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We must retrieve the visual from the Visualization panel by clicking the three dots
and then choosing the Import from store option (Figure 7-10).

LSl

VISUALIZATIONS > FIELDS

.
R

Import from file

Import from store o

Delete a custom visual

Figure 7-10. Importing a Visual from the store

On the Power BI custom visual page, there are different categories of visuals,
including Filters, KPIs, Maps, Advanced Analytics, and more (Figure 7-11).

Power Bl Custom Visuals
ol | Suggested for you ~
Category i
o I Histogram Chart Add
All I sualises the distribution of dat
e 1k
*x

KFls —— Bullet Chart

” [ . A Biar chart with Add
Mg — 5t
Advanced Analytics —— R

Time

; it A Add

PR
-' [.‘nll.-c.s?-.vn. column c.han Folf r!n*e I)fas&r:.i dl.’.ta Add

Figure 7-11. Power BI custom visuals
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You need only click the Advanced Analytics option and then select Decision Tree
Chart (Figure 7-12). Click the Add button to add the chart to Power BI visualization.

Power Bl Custom Visuals

2]

Forecasting with ARIMA

Add
P f.."‘d . .
*
Filt
iy - itarat P
= VitaraCharts - MicroChart
Maps = pre 3
= _Jos
Gauges Decision Tree Chart
S chematic tree i )

- i
wlaale wia
-

' Narr:—.jwesr.-;.u EU?-I.I'.E‘ss Inlell.lgei!‘ce. e Add

Figure 7-12. Decision tree custom visual in the Power BI store

Note When you add this chart for the first time, you must be sure that you
already have RStudio or any R version on your machine. Power Bl will start to
install some of the required packages, such as rpart into your local R version.
Just allow Power Bl install all the packages. In the next step, a new custom visual
will appear in the Power Bl Visualizations panel (Figure 7-13).

VISUALIZATIONS

Figure 7-13. Decision tree custom visual in the Visualizations panel
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To test the custom visual, we must import some data into Power BI Desktop for
predictive analysis. The data is a free data set about the Titanic disaster [4]. We must
choose the fields for decision making. The main aim (target) is to predict whether
people survived. To do that, first we have to choose a couple of columns that may affect
passenger survival, such as age, gender, and passenger class. Next, put the Survived
column as the target variable, in the related data field (Figure 7-14).

Bext box ™ @ Mew Measure [ |tg
LT Mew Cobumn .

mage
Publith
ihapes = re

Share

F = = e FIELDS

L

o)
o !
I 68 32 I
58%

FILTERS

<< 8 B 0 B N

L] 0
T2 28 56 44
53% 1%
L Flel aor » 026, CVlevor = 0.27. Roctemar = 04Bep = D010 o 4

Figure 7-14. Power Query filter value

The next step is to remove the missing values (“blank”) from the age column. Finally,
the related decision tree chart appears in Power BI Report (Figure 7-14).
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At the root of tree, there are four numbered tags. 0 stands for passengers who could
not have survived. Also, these people are identified by a green tag. The “100%” means
that all data is at the root. The “0.52” and “0.48” indicate that about 0.52 are men and
0.48 are women. In other words, the first attribute that the decision tree decided to
analyze (based on entropy theory) is the gender of the passengers (Figure 7-15).

Mewn [res] Sex = male #yomen

Figure 7-15. The root node in the decision tree

For the next level, on the left, the tag is in green, and it already branches to represent
the male passengers. Based on that branch, we can summarize that most of the male
passengers did not survive (0). However, as you can see in Figure 7-16, for women (the
branch at the right side), the attribute that is going to be analyzed is passenger class.

[ 0
52 48
L 100%

(=2] Sex = male (2]

Age>=65 Pclass =3

Figure 7-16. The second Level of Tree Analysis
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For men (root) older than seven years of age (second node), there is a 58% possibility
that they will not survive (green tag and 0) (Figure 7-17).

T

]

52 48
100%

(2=] Sex = male [nc]

Figure 7-17. The decision tree analysis for men

Men (root) older than seven years old (second node) will not survive (green tag and 0),
with the possibility of 53%. Also, males younger than seven will survive.

A decision tree inside Power Query can be used to do machine learning and show
the result in Power BI Report (the same process that has been explained in the “Neural
Networks” section).

In the next section, I am going to write R code for a decision tree inside Power Query
and show how it is possible to pass parameters to it.

Automated Machine Learning Inside Power Query

In the previous section, I explained how decision trees can be used for prediction
analysis. Now we are going to use it inside Power Query, for predictions without a
specific chart.

First, we must click the Power Query Editor at the top of the page, to navigate to the
Power Query environment. In Power Query, you must first download the data set for the
Titanic from www. kaggle.com/c/titanic [4]. Then, click New Source, select the Text/CSV
option to import the data set, and click OK (Figure 7-18).
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Figure 7-18. Importing the Titanic data set into Power Query

After importing the data set into Power Query, we must navigate to the Transform
tab, then to Run R scripts. In the R editor, we will be able to write R codes. The first line
of the code refers to a library named rpart. The rpart package first must be installed
in your RStudio. Before installation, first make sure that you do not have it, by using the
following command:

Library("rpart")

Otherwise, in RStudio, use the following code, to see what library is already installed

on your machine.

packagematrix <- installed.packages();
NameOnly <- packagematrix[,1];
OutputDataSet <- as.data.frame(NameOnly);
OutputDataSet

First, we must ensure that rpart has been installed on our machine. Then we write
the following code in the R editor (just as what we did earlier in this chapter for neural
networks). We must now refer to the rpart library and divide the data either for training
or testing.
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library(rpart)

numrows<-nrow(dataset)
sampledata<-sample(numrows,0.8xnumrows)
train<-dataset[sampledata, ]
test<-dataset[-sampledata, ]

Creating model is the next step. This pertains to the attributes we want to predict and
create a model for, based on the training data set. In addition, we must have a formula
for Survived ~.This indicates that we want to predict the survive column according to
age, sex, and passenger class. The predict function will be used to predict the survival of
the prediction analysis.

DT<-rpart(Survived~ Age+Pclass+Sex,data=train,method= ="class")
prediction<-predict (DT,test)
rpartresult<-data.frame(prediction,test)

So, the result of the prediction will be shown in Power Query, with the name
rpartresult. The result will consist of two different additional columns. “X0” stands
for the probability of passengers not surviving, and “x1” is the probability of passengers
surviving. Now imagine that we want to use the rpart algorithm for classifying another
data set, such as the cancer-related data discussed in Chapter 6. It is possible to
parameterize the R code for passing the desired data set, prediction column, and so
forth, to the R codes. To do this, we must duplicate the data set (Figure 7-19).
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Figure 7-19. Duplicating the Titanic data set
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Now just right-click the new data set, to create a function out of it. There is a need to

create a function from the new duplicated data set (Figure 7-20).
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Figure 7-20. Creating a function in Power Query
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After creating a function, we must customize it, by passing parameters. To do this, we
must navigate to Advanced Editor (Figure 7-21).

W | ] = | Untitied - Query Editer

Home Taanstorm Add Column View Help
- % B |_r_ — 1 = l Ty Eépmp,,‘.“ - 1 Data Type: Any = Merge Queries
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Ciose&  Hew  Recent Enter Datasource  Manage  Refresh Choase Keep Rem Spit  Group : 2
Apply®  Sousce~ Sounces Data seftings  Parameters=  Preview= [ Manage > Columns Rows = Rows Column- By sz Replace Values 13 Combine Files

Clase Mew Cuery Data Sources  Parameters Query Manage Columng Reduce Rows  Sert Transtorm Combine
Advanced Editor
Open the Advanced Query Editing

diatog to view or modify the entire
Rt for this query.

Figure 7-21. Advanced Editor in Power Query

In Advanced Editor, it is possible to see the steps previously applied to the Titanic
data set in M language. As you can see in Figure 7-22, the source of the data set has been
identified from my local machine.

Classification @

Figure 7-22. Advanced Editor for writing in M language
The first three lines should be substituted with the followning one:
(#"Source Table" as table) as table=>

let
Source = #"Source Table",
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In the first line, we define a variable named Source Table, and in the third line, we
assign it to the Source variable. In the next step, we will remove some of the lines starting
with Promoted Headers and Changed Type. These lines are solely for the specific data set
(titanic) transformation. Now we have the following lines, for which we must still make
some transformation:

(#"Source Table" as table) as table=>

let
Source = #"Source Table",

#"Run R Script" = R.Execute("# 'dataset' holds the input data for
this script#(1f)library(rpart) #(1f)numrows<-nrow(dataset)#(1f)
sampledata<-sample(numrows,0.8xnumrows)#(1f)train<-
dataset[sampledata, J#(1f)test<-dataset[-sampledata, J#(1f)DT<-
rpart(Survived~ Age+Pclass+Sex,data=train,method=""class"")#(1f)
prediction<-predict (DT,test)#(1f)rpartresult<-data.frame(predictio
n,test)",[dataset=#"Changed Type"]),
rpartresult = #"Run R Script"{[Name="rpartresult"]}[Value]

in
rpartresult

in
Source

Asyou can see in preceding code, we have a header line #"Run R Script" = that
contains a function R. Execute. This function contains all the R codes that we wrote.
In M language, the output of one function will be passed to the next one. The previous
function is for changing type Changed Type, which we already deleted. Now we must
change the code in Run R Script, as follows:

#"Run R Script" = R.Execute("# 'dataset' holds the input data for
this script#(1f)library(rpart) #(1f)numrows<-nrow(dataset)#(1f)sampledata<-
sample(numrows,0.8xnumrows )#(1f)train<-dataset[sampledata, J#(1f)
test<-dataset[-sampledata, J#(1f)DT<-rpart(Survived~
Age+Pclass+Sex,data=train,method=""class"")#(1f)prediction<-predict
(DT, test)#(1f)rpartresult<-data.frame(prediction,test)", [dataset=#"Changed

Type"]),
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The Changed Type should be substituted with Source, as shown in the following code:

let
Source = #"Source Table",
#"Run R Script" = R.Execute("# 'dataset' holds the input data for
this script#(1f)library(rpart) #(1f)numrows<-nrow(dataset)#(1f)
sampledata<-sample(numrows,0.8:xnumrows)#(1f)train<-
dataset[sampledata, ]#(1f)test<-dataset[-sampledata, ]#(1f)DT<-
rpart(Survived~ Age+Pclass+Sex,data=train,method=""class"")#(1f)
prediction<-predict (DT,test)#(1f)rpartresult<-data.frame
(prediction,test)”,[dataset=Source]),
rpartresult = #"Run R Script"{[Name="rpartresult"]}[Value]

in
rpartresult

in
Source

We still must make some additional changes. These are to be applied to the Name
column that we want to predict. Currently, it is “Survived~ Age+Pclass+Sex,” but we want
to substitute the Survived column with a parameter that the user provided. Also, rather
than another column for input, we want to consider all the columns. As a result, we must
change the code, as follows:

(#"Source Table" as table, #"Prediction Column"as text) as table=>

let
Source = #"Source Table",

#"Run R Script" = R.Execute("# 'dataset' holds the input data for
this script#(1f)library(rpart) #(1f)numrows<-nrow(dataset)#(1f)
sampledata<-sample(numrows,0.8:xnumrows)#(1f)train<-
dataset[sampledata, |#(1f)test<-dataset[-sampledata, ]#(1f)DT<-rpart(
"&i#"Prediction Column"&"~ .,data=train,method=""class"")#(1f)
prediction<-predict (DT,test)#(1f)rpartresult<-data.frame(predictio
n,test)",[dataset=Source]),
rpartresult = #"Run R Script"{[Name="rpartresult"]}[Value]

in
rpartresult

in
Source
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We must refine the code a bit, by removing the lastline in Source. So, the final code
will be

(#"Source Table" as table,#"Prediction Column"as text) as table=>
let
Source = #"Source Table",
#"Run R Script" = R.Execute("# 'dataset' holds the input data for
this script#(1f)library(rpart) #(1f)numrows<-nrow(dataset)#(1f)
sampledata<-sample(numrows,0.8xnumrows)#(1f)train<-
dataset[sampledata, J#(1f)test<-dataset[-sampledata, J#(1f)DT<-rpart(
"&#"Prediction Column"&"~ .,data=train,method=""class"")#(1f)
prediction<-predict (DT,test)#(1f)rpartresult<-data.frame(predictio
n,test)",[dataset=Source]),
rpartresult = #"Run R Script"{[Name="rpartresult"]}[Value]
in
rpartresult

After running the code, we will have a function with an input variable (Figure 7-23).

LUe W ol {1 Uil yUuILE Mallayec e LSUILRANET nemuve ACCE  REMUVE 3
Apply*  Source~ Sources~ Data settings Parameters*  Preview > [ Manage = Columns = Columns = Rows~ Rows Cols

Close New Query

Data Sources  Parameters Query Manage Columns Reduce Rows  Sort

Queries [14] = (#"Source Table" as table,3"Prediction Column“as *

Enter Parameters

Source Table

Prediction Column

function (Source Table as table, Prediction Column as text) as tabl

Figure 7-23. Creating a function for classification with two inputs
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To test the function, we must create a data set to pass to the function. Import the new
Titanic data set, then Ctrl+Click the four main columns: Survived, Pclass, Age, and Sex.

Next, right-click and select the Remove Columns option (Figure 7-24).

Figure 7-24. Selecting the columns

Finally, there is a data set with four columns now ready to pass to the function. In the
function, for the first parameter, we must choose the Titanic data set, and for the second,
the Prediction Column named Survived (Figure 7-25).

Queries [14] = (#"Source Table" as table,#"Prediction Column"a:
Enter Parameters

Source Table

4 M Other Queries [12) Prediction Column

= function (Source Table as table, Prediction Column as text) as t3
oncrete (2)

Attributes

Alternative

53]
i8]
B
58]
5]
M <
5]
1)

Figure 7-25. Invoking the function
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Next, we may get a message for Edit Permission that is about providing permission to
run external scripts on the query (Figure 7-26).

WA Fier  menem  ssaiswmn  vem e
Wt | ) : By = ™ FgProperties [ o
-t L & # L7 Advanced Edtor
Coied  Mew  Recemt Enes Dslasourte  Uamage  Relresn v Remove o
® Comm

Aeply  Sewrce® Sowtes® Data  wttngs  Parameters®  Perview [ Manage -
C Mew Query Data Seares  Faramaters Quary Manage Cohnni

Trangtorm Comzne

k I = Classificetion(e titanic {2)°, “Survived™)

| Permasion i requeed tn fun this satve database query £ Perminaion

Native Database Query

Do you approve running this native query? Your approval will also apply to any
occurrences of the same native query in other documents.

Native quenes may be unsafe and alter the database, Because native quenies may be
rerun multiple times, those which do alter the database may result in incomrect or
unpredictable behavior.
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values, but you will not be asked to approve the query again. This query's parameters:
dataset.

R

Figure 7-26. Permission request

116

www.EBooksWorld.ir



CHAPTER 7  PREDICTIVE ANALYSIS IN POWER QUERY WITH R

After accepting the permission, we can now see the result, as shown in Figure 7-27.
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Figure 7-27. Function result for Titanic data set

To test the function, I imported another data set [5] that was introduced in Chapter 6.
It is a data set related to breast cancer patients. I want to predict patient diagnosis: will
a patient’s cancer become malignant “M” or benign “B.” We follow the same process as
before for this new data set. First, we import it, then we pass the name and column of the
data set to the function (Figure 7-28).
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Figure 7-28. Call classification function for the cancer data set

After invoking the function, the prediction result appears as a new query (Figure 7-29).
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Figure 7-29. Prediction result for cancer diagnosis data set
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Summary

The main aim of this chapter was to show how we can perform machine learning inside

the Power Query Editor using R codes. Two different algorithms were introduced:

neural networks and decision trees. I discussed how you can set parameters for making

machine learning much more flexible. In the next chapter, I will discuss descriptive

analysis using Power BI.

References

[1]

[2]

Lantz, Brett. Machine Learning with R. Birmingham, UK: Packt
Publishing, 2015.

Zach Stednick, “Machine Learning with R datasets,” GitHub,
https://github.com/stedy/Machine-Learning-with-R-
datasets.git, 2019.

Leila Etaati, “Decision Tree: Concepts—Part I,” RADACAD,
http://radacad.com/decision-tree-conceps-part-1i,
November 27, 2017.

Franck Sylla, “Titanic: Machine Learning from Disaster,” Kaggle,
www. kaggle.com/c/titanic, 2017.

Breast Cancer Wisconsin (Diagnostic) Data Set, Kaggle, www.
kaggle.com/uciml/breast-cancer-wisconsin-data/downloads/
data.csv, September 25, 2016.

119

www.EBookswWorld.ir


https://github.com/stedy/Machine-Learning-with-R-datasets.git
https://github.com/stedy/Machine-Learning-with-R-datasets.git
http://radacad.com/decision-tree-conceps-part-1
http://www.kaggle.com/c/titanic
http://www.kaggle.com/uciml/breast-cancer-wisconsin-data/downloads/data.csv
http://www.kaggle.com/uciml/breast-cancer-wisconsin-data/downloads/data.csv
http://www.kaggle.com/uciml/breast-cancer-wisconsin-data/downloads/data.csv

CHAPTER 8

Descriptive Analysis in
Power Query with R

This chapter focuses on descriptive analysis in Power BI. A brief introduction explains
how we can use descriptive analysis to help decision making. Next comes a brief
introduction to clustering, how clustering is performed in Power BI Report, and how we
can do clustering in Power Query Editor. Finally, I will cover how to do market basket
analysis in Power BI.

K-Means Clustering

Cluster analysis is the task of grouping similar objects in a same group or cluster.

The clustered objects have more similarity to each other than other objects. For example,
we may be interested in grouping our customers, based on their purchase behavior or
demographic information [1]. Or, to cite an example in science, we may want to cluster
the number and severity of earthquakes that occurred in New Zealand over the past ten
years. For a medical purpose, we may want to classify patients with cancer, based on
their laboratory results.

In machine learning, there are many different algorithms to help us do clustering.
Some of these algorithms are centroid-based, such as k-means, GMM, Fuzzy
c-means, and so forth. The others are based on connectivity [2], such as hierarchical
clustering. There are some algorithms that are density-based or based on probability,
dimensionality reduction, and neural networks/deep learning.

In this chapter, I am going to show you how we use k-means algorithms for
classifying data. There is a data set for household power consumption that is available
for free from the UCI Machine Learning Repository [3]. The data set is about the
consumption of electric power in one household over a period of almost four years.
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This data set has such attributes as date, time, global active minute active, and

reactive power, average voltage, average current intensity, and watt hours for kitchen,
dishwasher, oven, water heater, and so forth. You are going to see how we can naturally
classify these data, using two different approaches in Power BI.

Clustering Custom Visuals

The first and easy way to cluster data is to use one of the custom visuals in the Power
BI store: Clustering. To access it, you first must log in to a Power BI account. In the
Visualizations panel, click the three dots, then choose the From Store option. Under
Advanced Analytics, you will find the Clustering option for custom visuals (Figure 8-1).

I s = I g 1-Log in to Power Bl account "

i T T Geose ™ : —

2-Click on the three dols and
choose From Store

3-Choose the Advance
Analytics option

Figure 8-1. Clustering custom visuals

Add the custom visual to the Power BI environment. If it is your first time adding
a Power BI custom visual, some of packages, such as Plotly, XML, and such will be
installed. Next, you must choose four different columns from the filed area. As you can
see in Figure 8-2, some columns, such as Voltage, Global intensity (household global
minute-averaged current intensity), Submetering 3 and 1 (watt-hour activity energy for
kitchen, dishwasher, water heater, and so forth) have been selected.
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Figure 8-2. Choosing columns for clustering

After choosing the parameters, you must set them up. Click the format icon, then
scale data to normalize it. Apply PCA, if you want to choose the number of clusters you
can specify, or leave it as the default (clusters will be chosen automatically).

As you can see in Figure 8-3, the result of the clustering is shown in a clustering
diagram. K-means clustering found out about four main clusters. As you can see in the
picture cluster 4 has more items, while cluster 1 has fewer items than other clusters.
However, the limitation of this visualization is that we cannot see the numbers and are
not able to compare each cluster according to its attributes.
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Figure 8-3. Clustring parameters and results

In the next section, the process of performing clustering analysis inside Power Query
will be shown, as well as how we can use Power BI visual to demonstrate the result.

Clustering in Power Query

As explained in previous chapters, it is possible to do machine learning inside Power
Query, using R code. In this section, the process of clustering data using R code inside
Power Query will be explained, and you will see how we can use a Power BI visualization
to better describe the data grouped by the relevant clusters.

First, we must go to the Query Editor, then we have to duplicate the data set that
we have, by right-clicking the data set and choosing the Duplicate option (shown in
Figure 8-4).
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Figure 8-4. Duplicating the household power consumption data set

After duplicating the data set, you will have a copy of the power consumption for
household data that you must transform before applying the R code.

1. Remove the date and time columns. Click each column, then
right-click and select Remove.

2. Remove errors. You may have some errors, so you will have to set a
rule for dealing with them, e.g., click the Remove rows and choose
Remove Errors or Remove Blank Rows or Remove Missing Values
(Figure 8-5).

Figure 8-5. Data cleaning
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After data cleaning, you can run R scripts by clicking the Transform tab and selecting
the Run R Script option. In R editor, first we must bring data in the same scale, using the
normalization function in R, as follows:

normalize <- function(x) {
return ((x - min(x)) / (max(x) - min(x))) }
NormalizedData <- as.data.frame(lapply(dataset, normalize))

The function kmeans clusters data using k-means clustering algorithms. This
algorithm requires a data set and the number of clusters.

ClusterData<-kmeans(NormalizedData ,4)

After clustering the data, we must create an output data set. For this, we leverage the
data.frame function, to create a data frame data set from the original data set and the
number of clusters.

PowerConsumption<-data.frame(dataset,ClusterData$cluster)

After running the code, the data set now has original data, plus a new column that
shows the cluster number. Moreover, we must add an index column to the current
data set, to have a primary key for further analysis. To add a new column, click the Add
Column tab in the top menu, then click Index Column, which starts from 0 by default,
but you can change it to 1, by choosing another option.

As you can see in Figure 8-6, our data has now been prepared for visualization and
further analysis. You now simply close and apply the changes.

126

www.EBookswWorld.ir



CHAPTER 8  DESCRIPTIVE ANALYSIS IN POWER QUERY WITH R

,,,,,,,

sEiEERERE-EziiE

CiEREEREEREE:

Figure 8-6. Clustering data in Power Query

In the Visualizations panel, we are going to use some simple visualization to
compare the clusters (Figure 8-7). The first chart shows the number of items in each
cluster. We can see how many items each cluster has.

Leila Etsati

VISUALIZATIONS

FILTERS

Figure 8-7. Number of items in each cluster

127

www.EBooksWorld.ir



CHAPTER 8  DESCRIPTIVE ANALYSIS IN POWER QUERY WITH R

Also, you can use the Funnel chart option, to show the average of an attribute for a
cluster (Figure 8-8).

Figure 8-8. Cluster comparison data

It is also possible to do a what-if analysis. For example, if the voltage changes from
244 to 254, we can check what clusters mainly have that range and which other attributes
have that subset in common. As you can see in Figure 8-9, clusters 2 and 3 mainly cover
the 244 to 254 voltage range.
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Figure 8-9. What-if analysis of clustering results

Market Basket Analysis (Association Rules)

Another approach for descriptive analysis and data mining is market basket analysis,
or association rules. Market Basket (association rules) analysis is used to find customer
purchasing behavior by stores, to determine the related items that have been purchased
together. This approach is not only used for optimizing product placement and
marketing investments but also for determining rules in health care, government
policies, events management, and so forth [5].

In this section, I will explain how market basket analysis can be used, how to write it
in R, and how to come up with good rules.

What Is Market Basket Analysis?

This analysis examines customer purchasing behavior. For example, for a beauty supply
store, this analysis might reveal some association related to how frequently customers
purchase shampoo and conditioner together. From a marketing perspective, perhaps
promoting shampoo will lead customers to buying conditioner as well. From a sales
perspective, placing shampoo beside conditioner on a store shelf will encourage
customers to purchase both [4].
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As stated, “association rules” is another name for market basket analysis. Association
rules take the form if X then Y. For example, 60% of those who buy life insurance may
then buy health insurance. To cite another example, 80% of those who buy books online
may then also buy music online. Also, 50% of those who have high blood pressure and
are overweight may then have high cholesterol [3].

Other examples of association rules include searching for interesting and frequently
occurring patterns of DNA and protein sequences in cancer data, finding patterns in
purchases or medical claims that occur in combination with fraudulent credit card or
insurance claims, and identifying combinations of behavior that precede customers
dropping their cellular phone service or upgrading their cable television package.

You can see that association rules are not just about shopping but also can be applied in
health care, insurance, and other industries. The main mathematical calculation of this
method is explained here: http://radacad.com/make-business-decisions-market-
basket-analysis-part-1.

There are three main attributes for market basket analysis.

Support: The support of an item set or rule measures how
frequently it occurs in the data.

Confidence: Confidence is about the probability of a rule. For
example, if a customer has purchased a flower, what is the
probability that they are going to purchase a get-well-soon card.

Lifts: Importance of the rules, that is, how much of the variance it
explains

The first step in each analysis is to identify the main business problem. In this book,
I have followed the examples provided in Lantz [6], which identify the most shopping
list items that have been purchased together by customers. The second step is to import
data into Power BI. You can download the data from GitHub [7]. This data set contains
information about more than 9,000 customer transactions. For market basket analysis in
R, we must install the arules package. In addition, we must install two other packages
in RStudio related to arules: Matrix and Methods. To install these packages, you must
have one R version in your machine, such as RStudio or Microsoft R Open. To install
these packages, open R IDE, click New R Scripts, and type “Install.packages(<Package
Name>).”

We follow the same procedure described in previous chapters for loading data and
running the R scripts in Power Query (Figure 8-10).
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Figure 8-10. Importing a data set into Power Bl and Run R Script

You must then put the following code into the R scripts editor:

library(Matrix)

library(arules)

library(methods)

groceries <- read.transactions("[your local address]/groceries.csv”,
sep = ","

Temp<-apriori(groceries, parameter = list(support = 0.006, confidence =
0.25, minlen = 2))

output<-inspect(Temp[1:100])

In this code, the apriori function from arules is used.

The result of finding association rules in customer behavior is shown in Figure 8-11.
The first column (lhs) lists the main item that people purchased; the third column (rhs)
lists the items related to the lhs items. The support, confidence, and lift measures are
shown in the fourth to sixth columns, respectively. A total 100 rules have been extracted.
Finally, click Close and Apply at the top left side. Now we can create a visualization for
showing an item and related items in Power BI.
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Figure 8-11. Result of the market basket analysis

Now we can create a visualization for showing an item and related items in Power
BI. We use a specific custom visualization, “Forced-Directed Graph,” from the Power BI
web site, to show the relationships between items. To get this visual, click Market Place at
the top of the Visualizations tab, then search for “Forced-Directed Graph.”

After importing the custom visual, the related columns should also be imported
(Figure 8-12). For the source, we put 1h. For the target, rhs should be used. For the
weight, we use the 1ift attribute.

Figure 8-12. Importing the custom visual and related columns
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Some of the visualization parameters, as shown in Figure 8-13, must be changed, to

see the visualization better (Figure 8-14).
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Figure 8-14. Custom visual parameters setting
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We need another custom visual, Chiclet Slicer, from the Power BI store. This custom
visual is a specific slicer that can be used to slice and dice the charts with a specific
image. As previously, click Market Place, then search for Chiclet Slicer. After importing
the visual, choose the value rhs, copy the slicer, and set the value 1hs (Figure 8-15).

r = Power Bl Custom Visuals
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! o) Edsor's Picks mn ""' gl
ilters.
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ﬂ il add
e
Text Filter

Q e e Add

Figure 8-15. Importing Chiclet Slicer

You will see a report, as shown in Figure 8-16.

r — Ay

Figure 8-16. Market basket analysis report
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By choosing an item, such as sliced cheese, with an rhs value in the slicer, a graph

chart shows us the related items that people purchase most frequently with that item,

such as sausage and yogurt.

Summary

This chapter gave a brief introduction to descriptive analytics. First, an explanation of the

clustering was given. How to use k-mean clustering in Power Bl visualization was then

explained, as was the process of clustering in Power Query Editor. Finally, an explanation

of market basket analysis was presented.
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Machine Learning
SQL Server



CHAPTER 9

Using R with SQL Server
2016 and 2017

In 2016, Microsoft announced the possibility of writing R codes inside SQL Server
Management Studio. To be able to write R code in SQL Server 2016, we must install

R Services first. In 2017, the ability to write Python codes inside SQL Server 2017 was
provided. A developer can write the R and Python codes inside SQL Server Management
Studio, using Machine Learning Server and accessing the different R or Python packages.
In 2017, instead of R services, we have machine learning services, which allow us to
embed R or Python codes in SQL scripts. In this chapter, the process of how we can set
up SQL Server Management Studio to write R or Python scripts is explained. A brief
explanation of some essential packages is also provided. In addition, best practices for
how we can create a model and reuse it for another data set are explained.

SQL Server 2016 and 2017

The first step in using R in SQL Server 2016 is to install SQL Server 2016 [1]. You can
choose one of SQL Server’s editions, such as free Enterprise, Standard, or Express
editions. To install, you must have an Admin account.

1. To start the setup wizard for SQL Server 2016, from the Installation
tab, select New SQL Server stand-alone installation or add
features to an existing installation (Figure 9-1).
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¥ Launch a wizard to add a node to an existing SQL Server 2016 failover cluster,

Upgrade from a previous version of SOL Server
Launch a wizard to upgrade a previous version of SOL Server to SQL Server 2016,

¢ MNew R Server (Standalone) installation

Launch a wizard to install R Server (Standalone) on @ Windows machine. This is typically used by data scientists as a standalone analysis server
or a5 8 SQL Server R Services client.

Microsoft' SQL Server 2016

Figure 9-1. SQL Server installation

2. On the feature selection page, select R-Services (In-Database). As
you can see in Figure 9-2, SQL Server Replication and R Services
(In-Database) have been installed.

3. 'The final step is to consent to install Microsoft R Open. After
installation is complete, you must restart your computer and
run the SQL Server as Admin. For more information about the
installation process, follow the Microsoft link on how to install R
services in SQL Server 2016 [1].
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Figure 9-2. SQL Server Feature Selection

The process of setting up the machine learning services in SQL Server 2017 is the
same as for the 2016 version. The only difference is that in feature selection, we have
access to both R and Python languages. Moreover, we have to consent to install Microsoft
R services and Python (Figure 9-3).
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Figure 9-3. Installing Machine Learning Services for SQL Server 2017

Machine Learning Services in SQL Server 2017 runs on-premises and in the
cloud. This service includes a rich set of algorithms, such as RevoScaleR, Revoscalepy,
and MicrosoftML. Moreover, it supports a variety of Microsoft custom R and Python
packages. In this chapter, I will explain how we can facilitate writing R scripts in SQL
Server 2016 and 2017 (they are the same). In addition, how to use R for doing machine
learning, what RevoScaleR is, and how specific algorithms are going to be supported are
also explained. Some features, such as how to use pre-trained models for visual analysis
and sentiment analysis and how to deploy the solution as a web service will be covered
as well.

Running R Scripts

After installing the R services in SQL Server (2016 or 2017), you must enable writing an
external script inside SQL Server Management Studio via a specific stored procedure.
First, make sure you have already downloaded and installed SQL Server Management
Studio [2].
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Run Management Studio as Run as Admin and click New Query, to open a query
window and run the following code:

sp_configure

By running the preceding code, you will get a list of stored procedures for
configuration options (Figure 9-4).
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Figure 9-4. Configuration options available in SQL Server

In line 9, there is a stored configuration procedure named external scripts enabled,
with four columns. This stored procedure enables us to write R codes. It has two main
attributes: config value and run_value. When you run the following code:

sp_configure 'external scripts enabled'.

the initial value for config and run is zero (Figure 9-5).
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name minimum madmum  config_value run_value
1 | extemal scripts enabled f 0 1 0 0

Figure 9-5. Running the external scripts store procedure

To run R code in SQL Server 2017/2016, we must change the run_value to 1.
Exec sp_configure 'external scripts enabled' ,1 Reconfigure with override

Now, if we run the code in Figure 9-5, we will get another result (Figure 9-6).

BH Resuts g Messages

name minimum ~ maximum  config_value  run_value

1 ['exdemal scripts enabled : 0 1 1 1

Figure 9-6. Enabling the running of R scripts in SQL Server

It is possible that the run_value has not changed to 1, so you must restart SQL Server
Management Studio.

After the run_value changes to 1, it is possible to check if R script has been enabled.
We execute a stored procedure that has three main inputs:

@language gets the name of scripting language.

@script stores the related R scripts. In the following example,
we assign the input variable to output one OutputDataSet<-
InputDataSet'.

@input_data_1 stores the related data for consumption of R
scripts. In the following example, it is a very simple SQL Code:
select 1 as hello.

exec sp_execute external script @language =N'R’,
@script=N'OutputDataSet<-InputDataSet’,

@input data 1 =N'select 1 as hello’

with result sets (([hello] int not null));

go
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If you run the preceding code, you will see that the output is hello and the value
is 1 (Figure 9-7). The output of a stored procedure can be identified by “with result sets.”
The column name to be shown in the output is hello, and the output value is an integer
number (1), and it should not be null. As a result, we have [hello] int not null.

-exec sp_execute_external_script @language =N'R',
@script=N'OutputDataSet<-InputDataSet’,
@input_data_1 =N'select 1 as hello’

with result sets (([hello] int not null));

go

W% -4

BB Resuts il Messages
heds

1 |

Figure 9-7. Enabling R scripts

Packages in R
Itis possible to check the path for R-services. The code for getting the library path for R is
OutputDataSet <- data.frame(.libPaths())
To run the stored procedure, we set the language parameter to R.
@language = N'R'
The input R scripts is
@script = N'OutputDataSet <- data.frame(.libPaths());".
So, the whole code would be

EXECUTE sp_execute external script @language = N'R’

, @script = N'OutputDataSet <- data.frame(.libPaths());"

WITH RESULT SETS (([DefaultLibraryName] VARCHAR(MAX) NOT NULL));
GO

After running the code, the library path of R will be shown in the output window
(Figure 9-8).
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EXECUTE sp_execute_external_script @language = N'R'

, @script = N'OutputDataSet <- data.frame(.libPaths());"

WITH RESULT SETS (([DefaultLibraryName] VARCHAR(MAX) NOT NULL));
GO

IN -

F Feats g Messages
| Co/Program Fles Mirosok SOL Server/MS50L13 MSSOLSERVERR_SERVICES dbrary

Figure 9-8. R library path

You can check the installed packages in Machine Learning Services. The R code for
checking the installed packages is

packagematrix <- installed.packages();
NameOnly <- packagematrix[,1];
OutputDataSet <- as.data.frame(NameOnly)

As we are not getting any input value from the user, we do not have any input for the
stored procedure (Figure 9-9).

EXECUTE sp_execute external script @language=N'R'
,@script = N'str(OutputDataSet); packagematrix <- installed.packages();
NameOnly <- packagematrix[,1]; OutputDataSet <- as.data.frame(NameOnly);'
,@input data 1 = N'SELECT 1 as col’
WITH RESULT SETS ((PackageName nvarchar(250) ))

After running the code, you can see the existing R packages in SQL Server.

As you can see in Figure 9-9, the list of R packages is shown. There is a variety of
libraries available from Microsoft and some other open source or third-party packages.
In the next section, I will explain two of them.
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-EXECUTE sp_execute_external_script @language=N'R'
,@script = N'str(OutputDataSet); packagematrix <- installed.packages();
NameOnly <- packagematrix[,1]; OutputDataSet <- as.data.frame(NameOnly);"
,@input_data_ 1 = N'SELECT 1 as col'
WITH RESULT SETS ((PackageName nvarchar(250) ))

SEbEEBELEEYERREERY
¥
=
=

i

Figure 9-9. R Packages in SQL Server Machine Learning Services

RevoScaleR Package

RevoScaleR is a package created by Revolutionary Analytics (now owned by Microsoft),
with the aim of importing, transforming, and analyzing data at scale. There are
different categories of functions available from the data store, imports and save as, data
transformation, draw some charts such as histogram, line, and so forth, descriptive
analysis, predictive analysis, package management and so forth [3].

In this section, I will introduce some of the functions that you may use for machine
learning purpose. The examples will be shown in SQL Server 2017.

rxLinMod

rxLinMode fits a linear model to data. In the following example, I will show you how to
use this function to create a model for predicting the strength of concrete in relation
to such input variables as the amount of water, cement, ash, and age. The rxLinMode
function creates a model based on a formula and a training data set.

Asyou can see in following code, the first line is EXECUTE sp _execute external
script @language=N'R', which calls a stored procedure that allows the user to write an
R script inside SQL Server. This stored procesure is responsible for using external scripts
such as R or Python inside SQL Server Code.
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EXECUTE sp_execute external script @language=N'R'

,@script = N'require("RevoScaleR")
formula=strength~cement+ash+age+water

Model 1=rxLinMod(formula,data=inputDataSet)

Model=data.frame(payload = as.raw(serialize(Model 1, connection=NULL)))"
,@input _data 1 = N'Select strength,cement,ash,age,water from [dbo].
[concrete];

, @output data 1 name = N'Model'
,@input_data 1 name = N'inputDataSet'
WITH RESULT SETS (([concreteModel] varbinary(max) NOT NULL ));

The second line in the code, contains the relevant R code stored in the "@script"
parameter. The code refers to the RevoScaleR package by using the function require.
There is no need to install this package, as it already exists in Machine Learning/R
services. The second R code line is about creating a formula. Our mission is to predict
the strength of concrete according to some other variables such as amounth of water,
cement and so forth. The formula that allows us to do this is strength~cement+ash+age+
water, which stores the formula in a "formula" variable. The third line contains the
rxLinMod function, which creates a linear model from the formula. Finally, the last line of
the code stores the formula in an output variable named "Model".

@input_data_1 stores the data collected from the SQL database, using SQL query
N'Select strength,cement,ash,age,water from [dbo].[concrete]. Finally, the
output variable Model will store the linear model.

After creating the model, I want to store it, for predicting the new series of data. To
store the model, the following code is used:

IF NOT EXISTS (SELECT 1 FROM sys.objects
WHERE object id = OBJECT ID(N'[dbo].[LinearModel]")
AND [type] IN (N'U"))

BEGIN

CREATE TABLE [dbo].[LinearModel](

[Model] [varbinary](MAX) NULL

)5

END

Next, we ,must insert the model into a table. The following code inserts the model
into a LinearModel table.
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Insert into [dbo].[LinearModel]

EXECUTE sp_execute_external script @language=N'R’

,@script = N'require("RevoScaleR")
formula=strength~cement+ash+age+water

Model 1=rxLinMod(formula,data=inputDataSet)

Model=data.frame(payload = as.raw(serialize(Model 1, connection=NULL)))"
,@input _data 1 = N'Select strength,cement,ash,age,water from [dbo].
[concrete];

, @output data 1 name = N'Model’
,@input_data_1 name = N'inputDataSet'

The model is already stored in the database. Now, in another stored procedure, we

are going to use the model, to predict the data.

declare @rx _model varbinary(max) = (select [Model] from [dbo].[LinearModel] );
exec sp_execute external script
@language = N'R'
, @script = N'
require("RevoScaleR");
cdr_model<-unserialize(rx_model);
predictions <- rxPredict(modelObject = cdr model,
data = PredictionData)
prediction <-as.data.frame(predictions);’

, @input_data 1 = N'Select strength,cement,ash,age,water from [dbo].
[concrete]’

, @input _data 1 name = N'PredictionData’

, @output data 1 name=N'prediction’

, @params = N'@rx_model varbinary(max)'

, @rx_model = @rx_model

with result sets (("prediction" float not null )) ;

There is another input for a stored procedure that is not just a data set. It contains
input for models that we have already stored in a database.

By running the stored procedure, the following prediction results are shown
(Figure 9-10).
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Figure 9-10. Linear model for concrete strength prediction

There are other models for regression analysis. These include rxLogit, used for
logistic regression; rxGlm, for generalizing the linear model to data; and others. In
addition, for other types of analysis, such as group prediction (classification), there are
such algorithms as rxDTree, rxBTree, rxDForest, and rxNaiveBayes [3].

Azure ML Package

Azure ML is another package to manage an experiment created in Azure ML Studio
(see Chapter 12). This package has some popular functions and allows users to create a
web service from R functions. This package also allows R users to explore the Azure ML
data set, explore existing data sets, and so forth. Details of how to use this package are
provided in Chapter 12, following an explanation of Azure Machine Learning Studio.
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Creating R Visuals in SQL Server Reporting Services

It is possible to generate R charts in SQL Server and show the chart in SQL Server
Reporting Services (SSRS). The first step is to install the required package into Machine
Learning Services. To do this, we can use the install.packages() command in an
external scripts stored procedure, as follows:

EXECUTE sp_execute external script @language=N'R’
,@script = N' install.packages("ggplot2");"
,@input data 1 = N'SELECT 1 as col’
WITH RESULT SETS ((PackageName nvarchar(250) ))

The preceding code may work, but sometimes it doesn’t, because of the
administrator permission. You may receive a message such as the following warning in

install.packages("arules"):

'1ib = "C:/Program Files/Microsoft SQL Server/MSSQL14.ML2017/R_SERVICES/
library"' is not writable
Error in install.packages("ggplot2") : unable to install packages

Calls: source -> withVisible -> eval -> eval -> install.packages

To address this problem, we must run Rugi.exe as admin, to install the package.
In addition, we must specify where to install the packages. As a result, the path of the
Machine Learning Services for R in SQL Server is required. There is a function in R,
.libPaths(), that shows the location of installed packages. So, we must run this code in
SQL Server 2017, to find out the R library path.

EXECUTE sp_execute_external script @language = N'R'

, @script = N'OutputDataSet <- data.frame(.libPaths());"

WITH RESULT SETS (([DefaultLibraryName] VARCHAR(MAX) NOT NULL));
Go

By running the code, the Machine Learning Services library path will be shown in
SQL Server output windows (Figure 9-11).
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Figure 9-11. The library path for Machine Learning Services

By installing ggplot2, there may be another message requesting installation of other
packages. After installing the ggplot2 library, we can write R code to create a chart and
store it in SQL Server. I am going to draw a chart using the following SQL codes:

exec sp_execute external script @language =N'R', @script=N'library("ggplot2")
fields<-inputDataSet fields<-na.omit(fields) image file = tempfile();
jpeg(filename = image file, width=1000, height=1000); print(ggplot
(fields,aes(x=fields$TaxAmt,y=Ffields$TaxAmt))+geom boxplot()+facet
grid(fields$Color~.) ) dev.off(); OutputDataset <- data.frame(data=
readBin(file(image file,"rb"),what=raw(),n=1e6)) ',@input data 1 =N'select
Color,Size,class,TaxAmt,SalesAmount from [dbo].[FactInternetSales] FIS inner
join [dbo].[DimProduct] DP on FIS.ProductKey=dp.ProductKey' ,@input_data 1_
name = N'inputDataSet' ,@output data 1 name = N'OutputDataset' WITH RESULT
SETS ((plot varbinary(max)));

R Code Section

library("ggplot2")

fields<-inputDataSet

fields<-na.omit(fields)

image file = tempfile();

jpeg(filename = image file, width=1000, height=1000);
print(ggplot(fields,aes(x=fields$TaxAmt,y=fields$TaxAmt))+geom_
boxplot()+facet grid(fields$Color~.)

)

dev.off();

OutputDataset <- data.frame(data=readBin(file(image
file,"rb"),what=raw(),n=1e6
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Some brief explanation about the preceding code follows:
library("ggplot2"): refers to the package.
fields<-inputDataSet: gets the data.

image_file = tempfile();

jpeg(filename = image file, width=500, height=500); creates the image file
from the ggplot2 package.

ggplot(fields,aes(x=fields$TaxAmt,y=Ffields$TaxAmt))+geom
boxplot()+facet grid(fields$Color~.) refers to code that has been explained in
previous posts.

dev.off();
OutputDataset <- data.frame(data=readBin(file(image file,"rb"),what=raw(),
n=1e6

This code creates a Var binary variable to convert the plot into a variable of binary
type. The preceding code creates a table chart with a box plot.
The next step is to get the data from SQL Server.

Input Data

@input_data 1 =N'select Color,Size,class,TaxAmt,SalesAmount from [dbo].
[FactInternetSales] FIS inner join [dbo].[DimProduct] DP on FIS.
ProductKey=dp.ProductKey' ,@input_data 1 name = N'inputDataSet' ,@output_
data_1 name = N'OutputDataset'’

The relevant data set, AdventureWorks, can be downloaded from www.microsoft.
com/en-us/download/details.aspx?id=49502 [4].

Return Data
WITH RESULT SETS ((plot varbinary(max)));

Finally, we must return the plot, in the form of a binary variable.
By running the code, we may get the result shown in Figure 9-12.
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@input_data_1 =N'select Color,Size,class,TaxAmt,SalesAmount
from [dbo].[FactInternetSales] FIS inner join
[dbo].[DimProduct] DP on FIS.ProductKey=dp.ProductKey'
,@input_data 1 name = N'inputDataSet'

,@output_data_1_name = N'OutputDataset’

WITH RESULT SETS ((plot varbinary(max)));

W% -4
B Resuts ¥ Messages
plot
1 (OeFFDEFF FDBOO.

Figure 9-12. Creating a binary value for the chart

Now we must store the data in a table. First, we create a table with the name ggplot
inside SQL Server, using the following code:

IF NOT EXISTS (SELECT 1 FROM sys.objects WHERE object id = OBIECT
ID(N'[dbo].[ggplot]') AND [type] IN (N'U')) BEGIN alter TABLE [dbo].
[ggplot]( [plot] [varbinary](MAX) NULL ); END

Then we enter the plot into the table, by inserting the following command:

insert into [dbo].[ggplot] exec sp_execute external script @language =N'R',
@script=N'library("ggplot2") fields<-inputDataSet fields<-na.omit(fields)
image file = tempfile(); jpeg(filename = image file, width=1000,
height=1000); print(ggplot(fields,aes(x=fields$TaxAmt,y=Ffields$TaxAmt))
+geom_boxplot()+facet grid(fields$Color~.) ) dev.off(); OutputDataset

<- data.frame(data=readBin(file(image file,"rb"),what=raw(),n=1e6)) ',
@input data 1 =N'select Color,Size,class,TaxAmt,SalesAmount from [dbo].
[FactInternetSales] FIS inner join [dbo].[DimProduct] DP on FIS.
ProductKey=dp.ProductKey' ,@input _data 1 name = N'inputDataSet' ,@output_
data_1 name = N'OutputDataset'

Now we have a chart that has been created and stored in our database.

Showing the Chart in SSRS

To show the chart in SQL Server data tools, we must create a new SSRS project
(Figure 9-13).
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Figure 9-13. Create a SSRS project in SQL Server data tools
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Next, we follow the required steps for creating an SSRS report (Figure 9-14).
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Figure 9-14. Creating an SSRS project with data tools

Then must create a query to get the plot from the ggplot table (Figure 9-15).
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Figure 9-15. Getting the data from the SQL Server table in SSRS
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Next, we must insert an image into the report area and view the preview tabs
(Figure 9-16) to check the charts.
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Figure 9-16. Box plot chart in SSRS

Summary

This chapter gave a brief explanation of how to run R scripts in SQL Server 2016

and 2017. It outlined how to run the necessary code via external scripts and stored
procedures. In addition, it discussed how with packages such as RevoScaleR and Azure
ML, we can access additional machine learning and R services. Furthermore, the process
of how we can perform predictive analytics was explained via an example. The next
chapter offers an overview of how to do machine learning in Azure Databricks.
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CHAPTER 10

Azure Databricks

Databricks is an analytics service based on the Apache Spark open source project.
Apache Spark is a batch processing and real time processing environment. Apache Spark
is quite popular among data scientists because of its ability to analyze huge amounts of
data, its streaming capabilities, graph computation, machine learning, and interactive
queries engine. Spark provides in-memory cluster computing. One of the popular tools
for big data analytics on Spark is Databricks. Databricks has been used for ingesting

a significant amount of data, cleaning data, applying machine learning, and so forth.

In February 2018, there was an integration between Microsoft Azure and Databricks
that provides a better collaboration between data engineers, data scientists, and data
analytics. This integration provides data science and data engineering teams with a fast,
easy, and collaborative Spark-based platform in Azure [1]. Azure Databricks is a new
platform for big data analytics and machine learning. The notebook in Azure Databricks
enables data engineers, data scientists, and business analysts to collaborate using a
single tool. This chapter gives an overview of what Azure Databricks is, the environment
it inhabits, and its use in data science.

Databricks Environment

To create Azure Databricks in an Azure environment, log in to one of your Azure
accounts. From there, create an Azure Databricks module (Figure 10-1).
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Figure 10-1. Azure Databricks environment

After creating the Azure Databricks module, Azure will navigate to a new page.
To access Azure Databricks, click Launch Workspace (Figure 10-2).
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Figure 10-2. Launch Workspace

As you can see in Figure 10-3, the Azure Databricks environment has different
components. The main components are Workspace and Clusters. The first step after
launch is to create a cluster. Clusters in Databricks provide a unified platform for ETL
(extract, transform, and load), stream analytics, and machine learning. Clusters are of
two types: interactive and job. Notebook clusters are used to analyze data collaboratively.
However, job clusters are used to run fast and robustly automated workloads, using APIs.
Cluster pages may contain both cluster types. Each cluster can have different nodes.

To start, you must create a cluster. Click the Create Cluster option (Figure 10-3).

]

= Inferactve Clusiens

= Job Clusters

Figure 10-3. Creating clusters in Databricks
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On the Create Cluster page (Figure 10-4), enter the relevant information, such as
cluster name, version (default), Python version, minimum and maximum workers, and
so forth.

Create Cluster

New Cluster  cancer iy

Cluster Mode

Pool (beta. R/Python/SQL) Standard Learn more about Serveress Pools ©
Cluster Mame
AzureDatabricks Book
Databricks Runfime Version @
4.0 (includes Apache Spark 2.3.0, Scala 2.11) B

Python Version ©
2

a

Driver Typa
Same as worker 14.0 GB Memery, 4 Cores, 0.75 DBU &
Worker Type Min Workers  Max Workers
Standard_DS3_v2 14.0 GB Memeey, 4 Cores, 0750BU S | | 2 8 (] Enable avtoscaling ©

Auto Termination @

[ Terminate after | 120 minutes of inactivity

Spark Tag

Spark Config ©

Figure 10-4. Create Cluster page in Azure Databricks

As you can see in Figure 10-4, we a have driver node and a worker node. The worker
node is for distributing your workload. The driver node is responsible for maintaining
the SparkContext. It is possible to resize automatically and autoscale the size of the
cluster. By enabling autoscale, the minimum and maximum number of workers can be
limited during a cluster’s lifetime.

To use Clusters, you should wait till State changes to Running (Figure 10-5). By
creating an interactive cluster, you can create a notebook in which to write codes and

from which to get results quickly.
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Figure 10-5. Running Clusters

To create a notebook, click the Workspace option and create a new notebook
(Figure 10-6).

s e & Azure Databricks

Featured Notebooks

n\

New Documentation Open Recent

NoteDont £ Databncks Guide Recenl fies Spar HER 83 You Wk
@ b # Pyinn, R, Scaln, 301 i 3
& Crosier " imponting Dt

Figure 10-6. Creating a notebook in Databricks

By creating a new notebook, you can specify which notebook belongs to which
cluster and what the main language for the Notebook (Python, Scala, R, and SQL) is.
In this example, the R language has been selected as the default. However, you can still
write in the notebook in other languages, by writing: %scala, %python, %sql, or %r before
the scripts (Figure 10-7).
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“| Create Notebook

Figure 10-7. Creating an R notebook in Databricks

By default, in the notebook, there is a place to write code. As you can see in
Figure 10-8, there an editor with name Cmd1 as a node in which to write the codes and
run them all. In our example, there is only one node, and the primary language in which
to write the code is R. In addition, we use the existing data set in the gpplot2 package
named mpg, by writing the following code:

library(ggplot2)
display(mpg)

The display command shows the data set in Databricks. To run the code, click the
arrow at the right side of the node and select Run Cell (Figure 10-8).

DatabricksAlBook = e * &
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[EErT
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M Flus A1 Bakew

Figure 10-8. Writing an R notebook in Databricks

After running the code, the result will appear at the end of the cell in table style. As
you can see in Figure 10-9, the initial result is shown as a table; however, it is possible to
show the result in the same format as other charts.
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Figure 10-9. Running the R

To show the chart, you must click the chart icon at the bottom of the cell (Figure 10-10).
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Figure 10-10. Show the chart in Databricks

You can change the item that you want to show in the chart, by clicking the Plot
Options (Figure 10-11).
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Figure 10-11. Chart Option in Databricks

Itis possible to create a new cell to write more codes in R or Scala. For our example,
we must upload a data set named Titanic into Azure Databricks.

To import data, click the Data option at the left side of the window (Figure 10-12),
Then click Add Data. This navigates to a new page (Figure 10-12). Then click Upload File.
Just browse and upload the titanic file. If you need this file, you can access it from
www. kaggle.com/c/titanic.

Datao Add Data

Databases W Tables

© You need 1o crea O You need to crea

D [SH Create New Table

' - 9
Upload File S Other Data Sources

L]
iFileStore/tables/ tiona Select

} B

Drap files (o upload, of Drowss

lickstar

Figure 10-12. Importing data with the Data option
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Asyou can see in the Figure 10-13, we must create a table with a user interface (UI)
and choose the related cluster to be uploaded there.

Create New Table Create New Table

[
Upload File DBFS Other Dala Sources

IFileSloreables! (optiona Select
o

utanicesy ¥
e
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Select a Cluster to Preview the Table
+ Flle upicaded lo FileStoretadleslanic. csvy whch you wil 1000 803 v

Create Table with Ul & Create Tabile in Notebook ~ © o -,WQY_ 43 (ncooes Apoche Spark 2118, 8

Figure 10-13. Importing data into Azure Databricks

We now create a new workspace named

val titanic = spark.table("titanic")
display(titanic.select("«"))

To work with the Titanic data set, we only have to select the Survived, Sex, Age, and
PClass columns (see Figure 10-14).

val specificColumnsDf = titanic.select("Survived", "Pclass", "Sex", "Age")
val renamedColumnsDF = specificColumnsDf.withColumnRenamed("Sex", "Gender")
display(renamedColumnsDF)
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Figure 10-14. Running the Scala language to get data from Azure Data Lake Store

Now, for the purpose of machine learning, we are going to predict if a new passenger
of a specific age, gender, and passenger class will survive or not. For this, we must
run the R codes to this data in another cell, to create a model and predict whether a
passenger of a specific age, gender, and passenger class will survive. We must pass the
data from Scala to R. To do this, we must create a temporary table to give the table to the
R code, using the following code:

renamedColumnsDF.createOrReplaceTempView("TempTable")

We add a new cell by clicking the plus sign under the latest cell. In the new cell, we
must write R codes. Therefore, we must mention the language by putting %r at the start
of the code. Also, we are using some packages from SparkR, so we use the function SQL,
to fetch data from the last Scala cell. Finally, we store the data with a dataset variable.

%Y

library(SparkR)

sql("REFRESH TABLE TempTable")

df <- sql("SELECT % FROM TempTable")
dataset<-as.data.frame(df)
display(df)

In the same cell or the new one, you can write some code for machine learning. In
our example, we are looking to check whether a passenger of a specific passenger class,
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age, and gender is going to survive. The rpart package can be used to create a decision
tree. This package helps us to predict the probability of survival.

%Y

library(SparkR)

sqL("REFRESH TABLE TempTable")

df <- sql("SELECT % FROM TempTable")
dataset<-as.data.frame(df)
library(rpart)
DT<-rpart(Survived~.,data=dataset,method="class")
test<-dataset[,2:4]
Prediction<-predict(DT,test)
output<-data.frame(test,Prediction)
display(output)

By running the cell, the output will be displayed (Figure 10-15).
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Figure 10-15. Creating a new cell in Azure Databricks

It is possible to draw charts using such R packages as ggplot2 as well. For example,
if we want to see the Pclass, age, and gender in a scatter chart with a specific legend, we
can leverage the following code.
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%

display(output)

library(ggplot2)
ggplot(output,aes(x=output$Age,y=output$Pclass,
color=output$Gender))+geom jitter()

As you can see in Figure 10-16, a scatter chart with the legend output$Gender will

result.
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Figure 10-16. Creatiing a new cell in Azure Databricks

Azure Databricks is not only for machine learning. It can also retrieve data from
different resources on which to apply changes and then shows the result in some
visualization tool, such as Power BI. In addition, it is possible to schedule the process
(Figure 10-17).
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Figure 10-17. Scheduling a process using Databricks

There are different ways to get data from SQL database, including such Azure
services as Azure Blob, Data Lake Store, Azure Cosmos, among others [2].

Summary

This chapter provided a concise overview of how we can use Azure Databricks for
machine learning. It discussed how we can use the Databricks environment for writing
R and Scala scripts and how we can pass data from one cell in a Databricks environment
to another. Finally, you saw how we are able to apply R codes to train a model and use

it for predicting. The processes of how to import data and how to do machine learning
was explained as well. The next chapter will provide an overview of how to do machine
learning in Azure Data Lake.
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R in Azure Data Lake

Azure Data Lake Store is one of the components in Microsoft Cloud that helps
developers, data scientists, and analysts to store data of any size and shape. Azure Data
Lake is optimized for processing large amounts of data. It provides parallel processing
with optimum performance. In Azure Data Lake, we can create a hierarchical data folder
structure. Because of these capabilities, Azure Data Lake makes it easy for data scientists
to apply advanced analytics and machine learning modeling with high scalability cost-
effectiveness. Azure Data Lake Analytics includes U-SQL, which is a language like SQL
that enables you to process unstructured data [1]. It is possible to perform machine
learning inside Azure Data Lake and explore the Azure Data Lake from RStudio to create
models inside the RStudio environment. Moreover, it is possible to get data from Azure
Data Lake with Hive query and to use that data inside Azure Machine Learning. In this
chapter, you will see how we can write and work with data, using U-SQL language with
R in Azure Data Lake, and how we can import data from Azure Data Lake to RStudio or
import data from RStudio into Azure Data Lake.

Azure Data Lake Environment

Azure Data Lake is one of the components of Microsoft Cloud with the aim of storing
data. As you can see in Figure 11-1, the second component in Azure Portal is about
storing data. Azure Data Lake Store can store data of any size or format (structured and
unstructured). It is also used for doing analytics (third component). Azure Data Lake
Analytics can be used for data analytics (using U-SQL) and machine learning.
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Figure 11-1. Microsoft Cloud components

To access the Azure Data Lake Store and Data Lake Analytics, you must have an
Azure account. You can create one, by accessing the following link: https://tsmatz.
wordpress.com/2017/06/08/azure-data-lake-r-extension/. Sign in “Portal.Azure.
com,” then, click the Create a resource icon on the left side of the portal (Figure 11-2).
By typing “data lake,” two different components for Azure Data Lake will appear. To
begin, we first are going to create Azure Data Lake Store.

O datalaked e

data lake
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Data Lake Store o
Compute Ubuntu Server 1,10 VM

Learn more

Networking

s Storage Web App
SQL datal S
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Figure 11-2. Creating Azure Data Lake Store and Data Lake Analytics
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By clicking the Create option, first you will have to provide some information, such as

the name of the service, subscription, resource group, and the server location (Figure 11-3).
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Figure 11-3. Creating Azure Data Lake Store

It takes a while to create components. As you can see in Figure 11-4, Azure Data Lake
Store has been created. After the creation of Azure Data Lake store, we can upload new

data there.

177

www.EBookswWorld.ir



CHAPTER 11 R IN AZURE DATA LAKE

« B oelete | [2) Data explover o

Essentials

adlshook
H Adhiyiog [stimated cost bo date @

Pay-as-You-Go @
i Access control JAM) :’:‘Tf;""‘t info USD 0-00

#F Tage

¥ Ciognose and sobve problems Filter by | 30 days~ | 8/04/2018-2/05/2013

HTTINGS.

& Encryption
3 Faowall
Wil Pricing tier
1! Properties
& Lok

S Automaticn saipt

e

TOTAL STORAGETLATA, DT T REST METEDATA O

ATA LAXE STORE ! 0 biytes. bytes 0 boytes.

Figure 11-4. Creating Azure Data Lake Store

By clicking the Data Explorer option, you can view the data and structure. From
here, as you can see in Figure 11-5, it is possible to upload data, create folders, define the
access level, and so forth.

) Refresh

Fitr [ Newlolder . Upload S access & i= Foider properties [
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Figure 11-5. Data Explorer in Azure Data Lake Store

Currently, there is no data in Azure Data Lake Store. It is possible to import data from
other Azure components to Data Lake Store. In this session, with the aim of machine
learning, first we are going to create a sample of data via Azure Data Lake Analytics.
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For this, we must create a Data Lake Analytics resource (Figure 11-6). We follow the
same process as we did for Data Lake Store. However, we must specify what Data Lake

Store we are going to use. Please note: You must always create Data Lake Store first, then
Data Lake Analytics.
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Figure 11-6. Creating the Azure Data Lake Analytics resource

After specifying the name, location, related Data Lake Store, subscriptions, and so

forth, you must wait until the component is created and shown on the Azure Dashboard
(Figure 11-7).
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Figure 11-7. Created Data Lake Store on Azure Dashboard

Just click the created Azure Data Lake Analytics. Data Lake Analytics can be useful
for developing and running massive parallel data and transforming and processing data
in U-SQL, R, Python, and .NET. To start, we are going to import some sample data and

codes. At the top of the page, click on the Sample scripts option (Figure 11-8).
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Figure 11-8. Data Lake Analytics Sample scripts

In the Sample scripts page, there are two main sample data: Sample data missing
and U-SQL Advanced Analytic.... We need the latter, to access the sample data and
codes. The sample data will be stored in Data Lake Store (Figure 11-9).
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Figure 11-9. Sample data in Data Lake Analytics

To write the U-SQL and import some sample data and codes, click the U-SQL
Advanced Analytics option. Following, about 2.5GB will be downloaded into Azure Data
Lake Store. After the download starts, you will see the process of enabling U-SQL and
importing data on the Install U-SQL Extensions page. The installation process is shown
as a pipeline, which may take about two minutes to run (Figure 11-10).
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Figure 11-10. The process of installing the U-SQL extensions

Next, close the page and click adlsbook and then Data explorer, at the top of the page
(Figure 11-11).
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Figure 11-11. Imported data in Azure Data Lake Store
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You can browse the Data Lake Store folders. Under adlsbook, among the folders
listed, there are two named R and Python. Click the R folder, to see the combined data,
U-SQL files, zip files, and so forth (Figure 11-12).
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ExtR_PredictUsingLMRawStringCombiner.usgl 1.53 KB 8/05/2018 3:2507 PM
ExtR_PredictUsingl i i M.usql 167 KB 8/05/2018 3:25:07 PM
ExtR_PredictUsingl i usql 127 KB 8/05/2018 3:25:08 PM
ExtR_RAndPython.usql 143 KB B/05/2018 3:25:08 PM
Bl rwPVTrma sieeld BED b dwr RMSIHMA T2500 PR

Figure 11-12. Data Explorer—R and Python sample files

Click one of the U-SQL files in the R folder, such as ExtR_PredictUsinglLinearModel _
RScript.usql. By clicking the files, you can see the related U-SQL files content in a
separate page, as shown in Figure 11-13. As you can see in the figure, the U-SQL scripts
are similar to the SQL language. It is possible to check the file format, download the
codes, rename the files, revoke or grant access to files via Access, and so forth. In the next
section, I will explain U-SQL language and how to write R codes or Python in it.
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(O setepiry [ Delate file

& Downiced  # Renamefile  JB Access 1S Properties

£ Fomat

1 REFERENCE ASSEMBLY [ExtR];

3 DEPLOY RESOURCE §"/usqlext/samples/R/REnUSQL_PredictUsinglinearMadelasDF.R";
bosraom 3.2511 PM 4 DEPLOY RESOURCE §"/usqlext/samples/Rjmy_model LM _Tris.rda™;
JOS/2018 3:25:07 PM o
7 DECLARE glrisData string = §/usqlext/samples/R/iris.csv™;
YOS2008 32507 PM B DECLARE goutputFilePredictions string = §"/my/R/Output/LHPredictionsIris.txt®;
% DECLARE gPartitionCount int = 10;
{O5/2008 3:25:08 PM er 18
11 ElnputData =
O5/20%6 32508 PM e 12 EXTRACT Sepallength double,
13 SepalWidth double,
YO5/2008 3:25:08 PM s 14 Petallength double,
15 PetalWidth double,
JusAeaanaT R, 16 Species string
ok 17 FROM @IrisData
hadadddia 18 USING Extractors.Csv();
os/a0ms 3:25:08 P 13
0 §ExterdedData =
Vo500 3:2508 P 2 SELECT Extension.A werator. (@PartitionCount) AS Par,
22 Sepallength,
YOS/2008 32500 PM 3 SepalWidth,
24 Petallength,
Yos/2008 3:23.08 PM 25 Petalideh

Figure 11-13. U-SQL files for predictive models in R scripts

Running R Scripts in U-SQL

To see how the U-SQL language works, click one of the code samples in the R folder.
Then click ExtR_rxDTree.usql. In this example, we are going to predict a flower species,
based on its sepal length. First, we must obtain the data from some resource. In the code,
the data has been extracted from /usqlext/samples/R/iris.csv. The data set location
is in Azure Data Lake Store in folder usqlext, samples, under the R codes. Copy the entire
code and return to the Azure Data Lake Analytics main page and click New job, at the top
of the page (Figure 11-14).
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D sea « R semplesaipts  [3) Dtz exploner oy View all jobs o Adduser wizard [ Delete 2, Gotojob
SSENTIals

¥
T Owerview
B acivityleg adlabook
Pay-as-You-Go Mi-hoursused  Estimated cost @
.
sl Access cantral (IAN) May 2018
prdng er 0 UsD 0.00

& Tags

XK Diagrose and sohve problems

Jobs AUs

SETTINGS 0 0 0 0 Oinuwse

B Firewall Runring  Cueued  Pipeines  Submitters @ Myusage: 0 @ Other usage: 0

sl Data sources

i Pricing tier Jobs and AU-hours consumed Fiie ] T e | 10k

! pr = Jobs

a8 Locks L

]
Bl automation script
o

GETTING STARTED

Figure 11-14. Copy the code and click New job

In the New job page, there is an editor that allows you to put the code there
(Figure 11-15).

B pataexgloier A Openfile W Saveas

Account ¥ Job name & Als & Submiitter @ Estimated cost @

adlabook [ msgoal] v O 2 el om m

11 2w "

Maee aptions

1 REFERENCE ASSEMBLY [ExtR];
2

3 DECLARE GIrisData string = @"/usqlext/samples/R/iris.csv”;

4 DECLARE §OutputFileModelSummary string = @ /fmy/R/Output/RXTreelris. txt";

& // R seript to rur
32 availalle 7 I} Put commas

tween commands if rteturnType:“charactermatrix®, no commas otherwise
. & DFCLARF GmyRScript « §°
32 total i .

9 require(Revoscalefl),
18 rxDTree(Species ~ Sepallength, data=inputFromlsgL)
1"
/05/2018-8/05/2018 12
— 13 @InputData =
14 EXTRALT Sepallength double,
15 SepalWidth double,
16 Petallength double,
17 PetalWidth double,
18 Species string
18 FROM @IrisData
0 USING Extractors.Csv();

Figure 11-15. Passing the U-SQL code from New job page in Azure Data
Analytics

After inserting the code in the editor, at the top of the page, you can insert “MSBook”
in the Job name box.
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We can submit the code to run it, but we are going to change the code. In the
following paragraphs, I will explain the code.

This code is a simple predictive analysis. There is a free data set named iris that is
about the flower’s specification. This data set has five columns: the species type and the
sepal and petal length and width. Our analysis is going to predict the species of a flower
based on its sepal length. The first step is to identify how to access the input data (iris
data set). This data set has already been imported to the Data Lake Store under the R
folder. To consume data in U-SQL scripts, we must store it in a variable.

DECLARE @IrisData string = @"/usqlext/samples/R/iris.csv";

In addition, we want to write back the result of the prediction in another location.
So, in the path, we define a new path and store the output link in a separate variable, as

follows:
DECLARE @OutputFileModelSummary string = @"/usqlext/MSBook/RXTreelris.txt";
The next part, about the R scripts definition, uses the following code:

DECLARE @myRScript = @"
require(RevoScaleR),
rxDTree(Species ~ Sepallength, data=inputFromUSQL)

",
)

The @myRScript variable will store the related R code that we are going to run in the
next step. The preceding code uses the RevoScaleR package in R. This package contains
an rxDTree function that is a decision tree algorithm to predict the flower’s species,
based on the sepal length.

Now we are able to employ some U-SQL language, to extract the data from the input
link into a variable named @InputData, using the following code:

@InputData =

EXTRACT Sepallength double,
SepalWidth double,
PetallLength double,
PetalWidth double,
Species string

FROM @IrisData

USING Extractors.Csv();
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@ExtendedData =
SELECT 0 AS Par,
ES

FROM @InputData;

The U-SQL code uses the Extractors.Csv() function to get the data from a CSV
file. In the next step, we are going to run the code, using the Extension.R.Reducer()
function.

@RScriptOutput = REDUCE @ExtendedData ON Par

PRODUCE Par, RowId int, ROutput string

READONLY Par

USING new Extension.R.Reducer(command:@myRScript,
rReturnType:"charactermatrix", stringsAsFactors:true);

OUTPUT @RScriptOutput TO @OutputFileModelSummary USING Outputters.Tsv();

Now you can submit the code, using the Submit button. After submitting the code,
the MSBook job will run (Figure 11-16).

) Retreshin205ec B Resbmit () Reuse seript (9 Conestjobs

Status: Preparing « Jobgraph | Soipt | Data | ALanalysis | Diagnostics
e - o oy Display v | paypekp O 0s Zoom to fit 3§
k. - Lo
Prepating Gwsued FRusing Dene
5 [ [

USD 0.00
Nfs

u-sat
detault © sob graph is not available
leila.ctasti@gmallcom
adlabook

1000

Graph data is not ready. The graph will be ready once the job finishes preparing.

Fropesing 55

Chaued NfA
N/R
£

Figure 11-16. Process of running the MSBook job

After running the code, you must check the output folder, to see if the model is stored
there as a text file (Figure 11-17).
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» Ewadisbook W oriter I nMewfoldar A Upload  JB Access  # Renametolder 1 Felder progerties [ Delete foider ) Rafresh

3 «catalog
» system adishook ¢ usglext b MSHBook ,
* [ usglet
* T assembly NAME AZE LAST MODIFIED
b [ cognition
» pythor RXTreelris.txt 346 K8 8/05/2018 6:10:43 PM
¥ TR
MShoak
D77 MsBook

Figure 11-17. The output folder holding the decision tree model

The same process that we followed in Chapter 9 for machine learning, we can apply
here. We can create a model and store it in Azure Data Lake Store as a text file. Then we
can consume the model for another job to evaluate the model or use it to predict a new
series of data. The created model in last phase can be consumed in another job.

Managing Folders via RStudio

It is possible to load the data from Azure Data Lake Store (ADLS) into RStudio for
the purpose of machine learning. Moreover, we can manage ADLS from the RStudio
environment, using R scripts. So, without accessing ADLS, we are able to manage the
portal, bring data from ADLS to RStudio to practice machine learning. However, after
we ensure that our codes are good enough, we can use U-SQL inside ADLS, to embed R
codes in the ADLS environment (as mentioned in the preceding section). In this section,
the process of accessing files from the RStudio environment will be explained.
From the last section, we have already created an ADLS. However, we must create
a connection from Azure to an external application (in this case, RStudio). For this
purpose, we must create an Azure Active Directory for service-to-service authentication.
Click Azure Active Directory, on the left side of the Azure portal page (Figure 11-18).
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Dashboard v~

All resources
ALL SUBSCRIPTIONS

ER adishack D
! adiabook De
adisleila Da
blobai Ste
databricksai 5
3} adisai Da
AlDataBricks Az
azureMLwrkBench e
arureplwrkBenchModelMgmt  Me
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Figure 11-18. Azure Active Application in Azure

Next click App registrations and then New application registration (Figure 11-19).

« | New application registration| = Endpoint
3

0 Overview To view and manage your registrations for conve
. Y | | ] My ap
3 Quick start
DISPLAY NAME
MANAGE
B virtual machines
na Users
& Lloadba
s Groups

B Enterprise applications
B Devices
e
¥ Application proxy

¢ Licenses

Figure 11-19. Application Registration in Azure Active Directory

Now you need only provide some general information, such as name, application

type, and sign-on URL.
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The sign-on URL can be changed later, so for now, I have entered a random URL (the
web site address http://radacad.com) (Figure 11-20).

* Mame 0
RADILSBook

Application type @
Web app / API w

* Sign-on URL @
| hitpsradacad.com

Figure 11-20. Application registration in Azure Active Directory

After creation, the create application is not shown on the page, so you must click
View all applications (Figure 11-21). This will refresh the page and show you the
application registration list.

tigmail (default directory) - App registrations

B Sear “@ + New application registration  := Endpoints }( Troubleshoot
O Overview To view and manage your registrations for converged applications, please visit the Microsolt Application Console.
[ Search by r r Appil My apps ~
s’ Quick start
DISPLAY NAME APPLICATION TYPE APPLICATION ID

MANAGE

& Users bu're not the owner of any applications in this directo

View all applications
2 i

B Enterprise applications
B Devices
B App registrations

' Application proxy
Figure 11-21. Application registration

190

www.EBooksWorld.ir


http://radacad.com

CHAPTER 11 R IN AZURE DATA LAKE

Now you are able to see the application registration list on the page (Figure 11-22).

jv] «| = New application registration 3= Endpoints 3 Troubleshoot
0 Overview . To view and manage your registrations for converged applications, please visit the Microsnft Appfication Console.
Al apps w
o’ Quick start
DISPLAY NAME APPLICATION TYPE APPLICATION ID
MANAGE
E sparkal Web app / API
w Users
n RADLSBaok [ Web app / API I
s Groups
B Enterprise applications
E Devices

Figure 11-22. Application ID from application registration

To access the ADLS, we require three different identifications, such as application ID
(Client ID), Tenant ID, and Client Secret ID.

Client ID, which is the application ID, can be retrieved from App registrations
(Figure 11-22). For a Tenant ID, you must return to Active Directory and click Properties,
then copy the Directory ID as Tenant ID (Figure 11-23).

| tigmail (default directory) - Properties

i | Hs x
= * Name
% Groups ] Default Directory
B Enterprise applications Country or region
New Zealand
B Devices
Virtual may Location
B App registrations Asig, United States, Europe datacenters
alancers = tificati
I £ Application proxy Notification language
English
4 Licenses
Global admin can manage Azure Subscriptions and Management Groups
¥ Azure AD Connect Yes
o Custom domain names Directory ID o
2 Mohility (MDM and MAM)

Technical contact

Password reset r = r
: leila.etaati@gmail.com

Company brandin
pory 9 Global privacy contact

£F User settings

I Properties !I l Privacy statement URL

Figure 11-23. Directory ID (Tenant ID)

ment + B.

Help + support
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The last token that we need to get from Azure is the Client Secret ID. To get the Secret
ID, you must go to Azure Active Directory, then to App registrations, and choose the app
you created. Now just click the created app (Figure 11-24).

Microsoft Azure 8

[ PGITIdI1.COl
LEILAETAATIGMAIL (DEFAULT... "G

A X
R Sear « o= New application = Endpoi ¥ Troubleshoot
o i i i icati isi crosoft Application Console,
@ Overview To view and manage your registrations for converged applications, please visit the Microsoft Application Console
All apps W
8 i’ Quick start
n DISPLAY NAME APPLICATION TYPE AFPPLICATION ID
MAMAGE -
E sparkai Web app / API
! s Users
' RADLSBook () Web app / API
0 sw Groups

Enterprise applications

E Devices

i

’ i i .lppregisrlatiore

Application proxy

Figure 11-24. Getting Client Secret ID from Azure Active Directory—Part 1

Now you must click RADLSBook, to go to the main page. In RADLSBook click
Settings (Figure 11-25).

¥ Troubleshoot I’ Manifest [ Delete
Display name ! Application ID

4 applications, please visit the Microsoft Application Consale, RADLSBook a1824181-e20c-4952-894f-6153670672dd
- Application type Object ID
ik Web app / AP| 74040318-b23f-4677-b5ae-cb475d05434¢
Home page Managed application in local directory
AFTLICATION TYPE ARPUCATICRIE: hitp:/fradacad.com RADLSBook
2
Web app / API
‘Web app / API

Figure 11-25. Getting Client Secret ID from Azure Active Directory—Part 2
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On the Settings page, click the Key option. On the Key page, you will be able to create

a password. We must create a new password. Click Key description and enter a name
(Figure 11-26).

D il e = o ¥ Discard  Av Upload Public Key
GEMNERAL
Passwords
" Properties ¥
DESCRIPTION EXPIRES VALUE
= Reply URLs »
Raccess 31/12/2299 Hidden
sia Owners > _| __e
(ey o Duration o_/ 1iie v 1ved !
APl ACCESS
+» Required permissions > S
S Public Keys
Keys o >
THUMBPRINT START DATE
TROUBLESHOOTING + SUPPORT No results.
% Troubleshoot >

Figure 11-26. Getting Client Secret ID from Azure Active Directory—Part 3

Next, you must specify the duration of the password. Finally, save the key, to be able
to see the code. After you have saved the code, you will receive a message indicating that
you have to copy the code, and if you leave the page, the code will become hidden. So, as
soon as you create the code, you will have to copy it (Figure 11-27).
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leila.etaat
LEILAETAATIG

. X
&) Update application keys 2:23 PM
S Filter settir H save XK Discar o Suceessfully updated application RADLSBook keys
S AL Copy the key value. You won't be able to retrieve after you leave this blade.
I* Properties >
Passwords
— Reply URLs >
DESCRIPTION EXPIRES VALUE
s Owners >
Raccess 31/12/2299 Hidden
API ACCESS © roook @ 51121229 °
Required permissions > Key des 1 | Duration w
Keys >
TROUBLESHOOTING + SUPPORT Public Keys

Figure 11-27. Getting Client Secret ID from Azure Active Directory—Part 4

Now you have the authentication tokens. The next step is to open RStudio, to write
some R scripts to get the data from Azure Data Lake, upload data into Azure Data Lake,
list the folder, and so forth. This can help to debug our R code easily first, then use the
codes in U-SQL.

Open RStudio in your machine, then open an empty R script. To work with the data
in Azure, we must install some library, as listed following:

install.packages("httr")
install.packages("jsonlite")
install.packages("curl")

After installing the libraries, to make sure they are already installed and check the
package dependencies, write the following code:

library(httr)
library(jsonlite)
library(curl)

Now we must create some connection to Azure Active Directory via the following
code:

194

www.EBookswWorld.ir



CHAPTER 11 RIN AZURE DATA LAKE
h <- new_handle()

handle setform(h,

"grant_type"="client_credentials",

"resource"="https://management.core.windows.net/",
"client id"="<Your Client ID (Application ID) Figure 11-22>",

"client_secret"="<Client Secret Figure11-27>"

Then, to get the list folder you have in Azure Data Lake Store, use the following
codes. You must use the Tenant ID (Figure 11-22) and your Azure Data Lake Store name
(e.g., adlsbook).

req <- curl fetch _memory("https://login.windows.net/<Tenant ID from

Figure 11-22>/o0auth2/token", handle = h)

res <- fromJSON(rawToChar(req$content))
T <- httr::GET("https://<Your Azure Data Lake
Store>.azuredatalakestore.net/webhdfs/v1/?0op=LISTSTATUS",

add_headers(Authorization = paste(res$token type, res$access token)))

Now we can browse the folders in the main Azure Data Lake Store, using the
following code:

nlite::toJSON(jsonlite::fromJSON(content(r,"text")), pretty = TRUE)

Just make sure you do not have any typos and that you properly copied and pasted
the codes. As shown in Figure 11-28, there are already three folders in adlsbook: catalog,
system, and usqlext. The folders are shown in the R output console.
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'
» jsonlite: :tolsoN(jsonlite: :fromison(content(r, "text")), pretty = TRUE}

“Filestatuses”: {
“Filestatus™: [

"length": 0,

"pathsuffix" :

“type": "DIRECTORY™

"blocksize": 0,

“accessTime™: 1525744292725,
“modificationTime”: 1525744292763,
"replication”: 0,

“permission™: “771",

ity APl

“group”: *

"length™: 0,

"pathsuffix" :

"type": "DIRECTORY ,

"blocksize": 0,

"accessTime": 1525744293560,

"modi ficationTime": 1525749925713,
“replication”: 0.

“permission™: "770",

eumer™: i dodi )

“group": *

-

"length™: 0,

phorey v 8 adishaok
¥ » catalog

» system
Estimated cost to date @ : ises

usD 0.14

Filter by:| 30 days | 14/0472018-14/05/2018

Last updated 13/05/2018 12:00 AM (UTC)
Figure 11-28. Folders listed in Azure Data Lake Store (adlsbook)

Figure 11-28 shows the list of folders, the directory type, the access time, created

time, owner, and so forth.
To access the data, we must provide the path of the file that we want to access. For

example, we want to get the data in adlsbook, from usqlext, samples, R, and iris.csv

(Figure 11-29).
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~ ¥ adisbook Y filter ] Newfolder A\ Upload B Ace
14 catalog ExtR_RAndPython.usql
» system

ExtR_rxDTree.usq|

» assembly ExtR_TrainLinearModel.usq|
» MSbook
» MSBook

v samples ExtR_TrainLinearModelCoefficientsAsDF.usql
cognition

ExtR_TrainLinearModelCoefficientsAsDF_RComi

» python

IrisWithPartitionlds.csv

ExtR_TrainLinearModelBinaryAsDF.usql

LMModelsRawStringlris.txt

Figure 11-29. The iris data in adlsbook

The path will be as follows: https://adlsbook.azuredatalakestore.net/webhdfs/
vl/usqlext/samples/R/iris.csv?op=OPEN&read=true

Note: The connection may get lost, so you must run the codes we used for creating a
connection.

h <- new_handle()
handle_setform(h,

"grant type"="client credentials",
"resource"="https://management.core.windows.net/",
"client_id"="<Your Client ID (Application ID) Figure 11-22>",

“client_secret"="<Client Secret Figure11-27>"
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req <- curl fetch memory("https://login.windows.net/<Tenant ID from
Figure 11-22>/oauth2/token", handle = h)
res <- fromJSON(rawToChar(req$content))

T <- httr::GET("https://adlsbook.azuredatalakestore.net/webhdfs/vi/usqlext/
samples/R/iris.csv?op=0PEN&read=true",

add_headers(Authorization = paste(res$token_
type,res$access_token)))

To access the data, you can easily download the following and access to data.

writeBin(content(r), "C:/pbi/iris.csv")
irisDownloaded <- read.csv("C:/pbi/iris.csv")
head(irisDownloaded)

It is also possible to upload data from RStudio to Azure Data Lake or create a folder.
Goto https://blogs.msdn.microsoft.com/microsoftrservertigerteam/2017/03/14/
using-r-to-perform-filesystem-operations-on-azure-data-lake-store/ to see all
the possibilities.

You can run the U-SQL inside Visual Studio as well. To do this, you must have Visual
Studio 2015 or 2017 on your machine. There are lots of weblog posts on how to run the
U-SQL language in Visual Studio [2].

Summary

This chapter explained how you can apply Azure Data Lake for practicing machine
learning. You saw how we are able to run R codes inside Azure Data Lake Analytics and
store the results inside it. In addition, a brief explanation was provided of how to access
the Azure Data Lake Store data via R Studio, how to use the U-SQL language. How to run
the U-SQL language inside Visual Studio is outside the scope of this book.
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CHAPTER 12

Azure Machine Learning
Studio

Azure Machine Learning (ML) Studio is a cloud machine learning platform. It features
a drag-and-drop environment that is easy to use. It contains more than 20 predefined
machine learning algorithms. With Azure ML Studio, it is possible to import data from
different resources, devise machine learning experiments, and create a web service
from the model. Moreover, it is possible to run the R or Python codes inside the Azure
ML Studio environment. In this chapter, first I will explain the environment and how to
formulate an experiment in it, how to create a simple machine learning model, how to
test and evaluate the model, and how to import data from the local machine from other
Azure components. Also, I will discuss the process of creating a web service from the
model. The process of how to run R codes inside the Azure ML Studio will be explored.
In addition, the process of exploring an Azure ML experiment in R Studio will be
elaborated.

Azure Machine Learning Environment

To use Azure ML Studio, you must log in to https://studio.azureml.net/. To login,
you can use any account from Google, Yahoo, or a company account (Figure 12-1). There
are two subscriptions for Azure ML; one is free, and the other is the standard version.
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Welcome to Azure
Machine Learning
Try it for free

No
problem! Choose an

of sign in with your work
or a Microsoft account.

earning .

ot an Azure ML user?

Pricing ¥ FAC

Figure 12-1. Machine Learning Studio login

After logging in to the portal, there is an empty environment. As you can see in
Figure 12-2, on the left side of the screen, there are seven different options: Projects,
Experiments, Web Services, Notebooks, Datasets, Trained Models, and Settings.
Experiments is the main place to create the models. As you can see in the figure,
Experiments is empty on first use.

MY EXPERIMENTS  SAMPLES
O | mame AUTHOR STATUS LASTECMTED 4 PROJECT e

o supesimons fownd 0 itemns selected

Figure 12-2. Azure ML Studio environment

It is possible to have many different workspaces, combining free or standard
subscriptions. As shown Figure 12-3, the user can switch between these environments.
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experiments
A EXPERIMENTS SAMPLES

(] HAME AUTHOR STATUS LAST EDITED +  PROUI

Anure Mi cortana

Sias saparimennt deanct

Leila Etaati-Free-Workspace e

Figure 12-3. Azure ML workspace

In the following sections, different components of Azure ML will be explained briefly.

Azure Machine Learning Experiment

An experiment is the primary vehicle for creating machine learning models. As you can
see in Figure 12-3, we have two main experiments: My Experiments and Samples. My
Experiments is a place to create new machine learning models and storage to save all user-
created experiments. The Samples experiments contain predefined examples by Microsoft.

To create a new experiment, click Experiments on the left side of the screen, then click
the New option at the bottom left of the page and then Blank Experiment (Figure 12-4).

Praperties Project 2

n o 1 pel 4 Experiment Properties
- ~ InDeaft
B g Saved Datasets yol
5 "
@ Ez Data Format Conversions 4 Summary
: e Y
B> vata Input and Output i )
¥ ¢ ¢ "y !
2 M T O - pomnmnne-
’ Data Transformation
wm !
& p Feature Selection :
» @ Machine Leamning o b ittt . o
™ OpenCV Library Madules e "

your experiment

o Enter the detaded deseription jor
& Python Language Modules :
)

R R Language Modules e =

» Tyl Statistical Funetions I |

________________ ’ Quick Help v
’ 55 Text Analytics 7 ?
A Tirne Series

Figure 12-4. Setting up an experiment
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Asyou can see in Figure 12-4, the experiment is in a drag-and-drop environment. On
the left side of the screen, there are components that help us create an ML model, such
as Saved Datasets, Data Transformation, Machine Learning, and so forth.

To create an experiment, you must get data. There are two main ways to import data:
importing data from the local machine (Figure 12-5) or using built-in data components.
For our example, first I am going to import data from the local machine. The data set is
the Titanic data set available at http://web.stanford.edu/class/archive/cs/cs109/
€s109.1166/stuff/titanic.csv [1]. To import data, we must click the Datasets option
at the left side of the screen and then click the New option.

Figure 12-5. Importing data from a local machine

After importing the data set, we are able to create an experiment with the aim
of predicting whether a passenger of a specific age, gender, and passenger class will
survive. To create a new experiment, you must first click the Experiments option at the
left side of the screen. Azure ML consists of different modules (nodes), with each activity
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shown as separate nodes. In the search area, type “Titanic.” Then drag and drop the node
into the white design surface area, as shown in Figure 12-6. As you can see in Figure 12-6,
the Titanic data set has been shown as a separate node with only one output. To view the
data set, you must right-click the output node and click the Visualize option. This allows
you to see the data and some additional useful information, under such columns as
PassengerID, Survived, Pclass, Name, and others.

Experiment created on 5/06/2018

]

- ._ titanic el

=] =
Saved Dataset
4 g Saved Datasets i titanic.csv
e ~

4 My Datasets \.!J

titanic.csv

& titaniccsv
- \__Right Click

4 Download

] Visualize

[y  Generate Data Access Code...

M OpeninanewNotebook  »

Figure 12-6. Importing and visualizing data

Moreover, there is a small histogram chart under the name of each column that
indicates the value frequency of each column (Figure 12-7). Also, by clicking each column,
you can see a statistical summary on the right side of the page, as shown in Figure 12-7.
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| Experiment created on 5/06/2018 » titanic.csv > dataset
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5 0 3 £Lan e male 35 0 ( .
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Figure 12-7. Visualizing the data set

The next step is to clean the data. As you can see in Figure 12-7, for the age of people
on the Titanic, 177 rows have a missing value. One of main activities before creating
models is to remove or substitute the missing values. There is a module, Clean Missing
Data, for this. Search for it and drag and drop it into the Experiments area. As you can
see in Figure 12-8, this module has one input and two outputs. Connect the output from
the Titanic data set to the input of the missing value module. Then specify how you want
to solve the missing value problem, by clicking the Missing value module. There is a
Properties page for this module, from which you can choose the column(s) you want to
remove missing values from. Then specify the cleaning mode, such as substitute with a
mean, median, or a custom value. It is possible to remove the entire missing data row
or substitute it using a PCA algorithm [2]. As you can see in Figure 12-8, Age has been
selected, and the Cleaning mode is Remove entire row.
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- - - P i
- B Experiment created on 5/06/2018 Properties Project >
dhan missing el " 4 Clean Missing Data
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[E@n Clean Missing Data ] M e
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L1 L2
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Cleaning mode
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Specifics haw 1o hand'e the values missing
from a dataset

Figure 12-8. Removing a missing value from data

Another data transformation that we should perform is to remove columns that have
no impact on the Survived column, such as PassengerID, Name, and so forth. The only
columns that we need to run machine learning on are Age, Sex, Pclass, and Survived.
There is another module, named Select Columns, in Dataset. Drag and drop this module
into Experiments, then connect the first output of Clean Missing Data to the input of
Select Columns in Dataset. Then, in the Properties panel, choose the desired columns
(Figure 12-9). Now the main data cleaning and wrangling for this data set has been done.
The next step is to choose the related algorithms.

The main purpose for machine learning here is to predict whether a new passenger
will survive. According to the discussion in Chapter 4, we are predicting a class, not a
continuous value. Predictive analytics using a classification approach can solve this
problem. In Azure ML, there are about 25 main algorithms that have been grouped into
four main scenarios: Anomaly detection, Classification, Clustering, and Regression.

For our scenario, we must use classification algorithms. If you expand the classification
algorithm list, there is another grouping based on the number of classes you are going
to predict. If there is a two-class problem, you must use algorithms with Two-Class.
The problem concerns predicting a situation in which people survived or not.
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A £ Experiment created on 5/06/2018 : Properties Project >
Sedect cohamns in dotaset P 4 Select Columns in Dataset
i o] Select columng

n " F‘r Data Transformation ._. e £ st
@ 4 Manipulation o | Column names

Setout Colnis in Dalascl \ |ApeSexSunivedPclass | °
2 ]

;Ern Clean Mikting 13aTa

. [3},‘ Sedect Cob ...E;j.ru.,:.m-: j

Figure 12-9. Selecting columns in a data set

As you can see in Figure 12-10, under Classification, we have nine different
algorithms for predicting those who survived or did not. Each of these algorithms can be
used in a different situation, with different data types. There is a cheat sheet for choosing
the best algorithms provided by Microsoft [3]. For the Titanic problem, we don’t have
more than 100 columns, the data is not linear, and we need high accuracy and fast
training. As a result, I am choosing the Two-Class Boosted Decision Tree algorithm.
However, the best practice is to select different algorithms and then compare their
accuracy.
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Experiment created on 5/06/2018
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Figure 12-10. Machine learning algorithms in Azure ML

Following the machine learning life cycle introduced in Chapter 4, we have to split
the data, some for the purpose of training and the rest for testing. In Azure ML, there
are three different modules that are used for splitting data, training models, and testing
models: Split Data, Train Model, and Score Model. First, I drag and drop the Split Data
(Figure 12-11). Split Data allows us to specify how much data should go into training and
how much into testing. As you can see in Figure 12-11, the Split Data has been connected
to the output of the Select Columns in Dataset. The split percentage has been set to 0.7
(30% for testing and 70% for training). One of the output nodes is for training, and the
other is for testing.
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Experiment created on 5/06/2018

CODEON R

T 1wo-Class Bozured Decitien
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Figure 12-11. Split Data for machine learning purposes

We must drag and drop the relevant module for training and testing into
Experiments. As you can see in Figure 12-12, the right output from the split module
has been connected to Train Model, and the other output from the Split Data has been
connected to Score Model. Moreover, under the Train Model properties, the Survived
column has been selected.

¢ Experiment created on 5/06/2018 dral Propetties  Project 4

1 el £  Train Modsl

[ Machine Learnmg B ke clarn

bVt ik ]
4 T Cohsme names: Susvied
Trai Model 1 I

o ik Halp o

Figure 12-12. Dragging and dropping the Train Model and Score Model into
Experiments
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Now we are able to run the code, to see the result of the prediction from the Score
Model output. To run it, click the Run button at the bottom of the page. After running the
experiments, we will be able to see the result of the test data prediction in the output of
the Score Model module. Right-click the output and visualize the data (Figure 12-13).

£
o mak 6 [

Figure 12-13. The prediction result for Titanic example

It is possible to evaluate the model using Evaluate Model, to check the accuracy
of the created model. In the next section, the process of creating an application
programming interface (API) will be explained.

Creating a Web Service

The next step after evaluating the model is optionally to create an API so everyone

is able to use the model by providing the data. To create the web service, you must

run the experiment first, then click Setup Web Service (Predictive Web Service
recommended). An input and output link for web services has been created, as you can
see in Figure 12-14.
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Figure 12-14. Creating a web service from a machine learning model

Run the experiment again, then click Deploy Web Service at the bottom of the page.
By deploying the web service, a new page will be shown. On this page, you can see
details of the API, both for single processing and batch processing of data.

As you can see in Figure 12-15, there is an API key that you can share to allow others
to use the ML model. Moreover, for API URLSs, there are two main ways to use the API: a
request and response approach and batch processing.

experiment created on 5/06/2018 [predictive exp.]

T ]

Figure 12-15. Creating a web service for the Titanic problem
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Click the Batch Execution option and navigate to the new page that contains the API
information (Figure 12-16). As you can see in the figure, the web service URL is shown
for request information.

Batch Execution APl Documentation for Experiment created on 5/06/2018
[Predictive Exp.]

pdsted: 06/05/218 0

.....

£_1.>_14$. '" A Dol st
Submit (but not start) a Batch Execution job

Request

HTTP

Varsion
Requestad Url o
TRA

Method Eaguert URI
POST

Request Headers

Fequest Header Descristion

Figure 12-16. Web service information page

In addition, it is possible to embed the created model in other applications, such as
web applications, reports, and so forth, leveraging any language, such as C#, Python,
and R. On the web service information page, go to the Sample Code section. As you can
see in Figure 12-17, there are sample codes in C#, Python, and R that enable users to
embed the code into applications. However, you must change the input and output of
the web service, so end users are able to provide proper information and get the related
prediction. For example, in the web service created in Figure 12-15, the input for the
service also gets the passenger ID, name, and other irrelevant data from users that we
must refine in order to receive such information as age, gender, and passenger class.

In another example, regarding output, a user may only be interested in obtaining the
prediction and the probability, not all the other input columns.
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Figure 12-17. Web service sample code
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In the next step, I am going to refine the web service input and output, by adding

Select Columns in Dataset modules for output, and change the select column for web

service input (Figure 12-18).
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Figure 12-18. Change input and output for web service
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As you can see in Figure 12-18, for the web service input, we disconnect the link and
connect it to the input of the Score Model, and in the Select Column in Dataset module
(Figure 12-18, 3), only age, gender, and passenger class have been selected. Similarly,
for the web service output, the Select Columns in Dataset module has been dragged
and dropped to select only the Scored Label and Scored Probability. Next, we connect
the web service output to the Select Columns in Dataset modules. Finally, we run the
experiment and deploy it again. There is a message about overwriting the web service,
which we must confirm. After deploying again, on the web service page, click the Test
button (Figure 12-19, 1). After, we can test the API.

Enter data to predict

Figure 12-19. Testing the web service

Asyou can see in Figure 12-19, by entering three inputs, Age, Gender(Sex), and
Passenger Class (Pclass), into API, the result of the machine learning will be shown for
this specific row at the bottom of the page (Figure 12-20, 1).
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experiment created on 5/06/2018 [predictive exp.]

DASHEIOMID  CONFIGURATEN

CNHWASH A

Figure 12-20. Result of the API and call to Excel

The next step allows us to analyze the API in Excel. We just have to navigate to Apps
(Figure 12-20) and click Excel 2013 or Later (Figure 12-20, 2). After clicking the Excel
icon, a message to Download the Sample Data appears. Save the Excel file and open it,
then enable the Excel (Figure 12-21).

Figure 12-21. Enabling the Azure ML API in Excel
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Next, a new window will appear. Use the sample data (Figure 12-22, 1), then, under
the Input field, choose the input data range (Figure 12-22, 2). Then, under the Output
field, write the output cell number (Figure 12-22, 3). Then click the Predict option.

“ Azure Machine Learning -
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Figure 12-22. Enabling the Azure ML API in Excel

By running the code and choosing the Auto Predict option, the result of the
prediction will be shown in output cells (Figure 12-23).
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Figure 12-23. API call in Excel
217



CHAPTER 12 AZURE MACHINE LEARNING STUDIO

It is possible to add more input rows for more predictions.

R and Azure ML Studio

In Azure ML Studio, there are 25 algorithms. However, in some cases, users may want
to use their own algorithmes. It is possible to write R or Python code inside the Azure ML
Studio. In this section, you will see how we can visualize the charts and see the output of
the data there.

Create a new experiment in Azure ML Studio. Use the same data set (Titanic). Drag
and drop “Titanic” into the Experiments area. Then, in the Search area, type “Execute R
Scripts.” Drag and drop the module into the Experiments area (Figure 12-24).

Experiment created on 6/06/2018 *a Progettes Proje »

i L inesae Mo
w_ Lvacute Py Sangt

« G % Langusos Medulss

b @

Bt S

Ryesos

Figure 12-24. Executing R scripts in Azure ML

As you can see in Figure 12-24, there is an editor for writing R scripts. The Execute R
Scripts module has three input nodes. The first two at the left are for data sets, and the
last one is for zip files. By clicking this module, we can write the codes. As you can see in

Figure 12-24, the input data from node 1 has been retrieved with the following code and
stored in dataset1.

datasetl <- maml.mapInputPort(1) # class: data.frame
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In this example, the input node contains the Titanic data set (Figure 12-24). So, I will

change the code, as follows:
Titanic<- maml.mapInputPort(1) # class: data.frame

In next step, we are going to create a box plot from the age of the Titanic passengers,

using the following code:
boxplot(titanic$Age)
Next, we create a statistical summary of the data.

output<-data.frame(titanic$Age,titanic$Pclass,titanic$Sex)
summary (output)

Finally, we want to show only age, sex, and passenger class in the output node. The

final code would look as in Figure 12-25.

Experiment created on 6/06/2018 Propertics

1.hased opriomal inpur o waria
titanic ¢. manl.mapinputPort{1) ® class: data.lramc
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} ® You'll see this output in the R Device port
? B 18711 hawe your stdowt, stderr ard PNG graphice devics(e
/ ouTput<-dara.frame(titanictage, titanicsPelase, Titanicgsex) =
e S sumary (ot pat)
|(F{ Execute K Sorg J # Select deta.frane Lo be 3 to the cutput Dataset port
. 1 L ménl.mipOutputPort{“output™);

: @
° o

Random Seed
[ ]
R Verson

CRANR 310

Figure 12-25. R scripts in Azure ML Studio

Now we have to run the experiment. There are two output nodes for Execute R Script.
The output node on the left side holds the output variable that has three main columns
(Figure 12-26).
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Experiment created on 6/05/2018 » Execute R Script » Result D:
a3 3
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58 1 fernale
20 3 male
39 3 male
“ 3 fernale
55 2 femnale
2 3 male

Figure 12-26. First output of Execute R Scripts in Azure ML Studio

The other output contains some information about the R chart and the statistical
summary of it. To view the output, right-click the right output node and visualize the
node (Figure 12-27).
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Figure 12-27. Second output of Execute R Scripts
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It is possible to explore the Azure ML data sets and experiments from RStudio.
Moreover, R users can write a function in RStudio and then create an API from it.

For this, first, you must install the Azure ML package in RStudio, using the following
command:

install.package("AzureML")

The second step is to get some identifications keys from Azure ML Studio. Navigate
to studio.azureml.net, in your Azure ML environment, click Settings, copy the
Workspace ID (Figure 12-28), and store it in a variable in RStudio, as follows:

id<- "your workspace ID"

settings

MAME AUTHORIZATION TOKENS USERS DATA GATEWAYS
WORKSPACE NAME |leilaetaati- Free-Workspace
WORKSPACE DESCRIPTION Default workspace.
WORKSPACE TYPE Free Learn Mare
WORKSPACE ID ° [

Q" o
WORKSPACE STORAGE I useo AVAILABLE

Figure 12-28. Workspace ID from Azure ML environment

Navigate to another tab in the Settings menu and choose Authentication tokens.
Copy the primary authentication token and allocate it to a variable in RStudio.

auth<-"your authorization token"

There is a workspace function in the Azure ML package that creates a reference to an
Azure ML Studio workspace, by getting the authentication token and Workspace ID.

ws <- workspace( id , auth )

It is possible to receive an error for missing R tools software. Therefore, you must
install the latest version of R tools from [4] and store it in the same root of the RStudio.
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Finally, for exploring all the experiments in Azure ML, there is an experiments
function that gets the ws object as input to connect to the Azure ML environment.

experiments(ws, filter = "all")

Using the experiments function allows you to filter which experiment from Azure
ML you want to check the details of. You can set the filter values to all, samples, and
my datasets. In this example, I set the filter to all. By applying the name function
in RStudio to check the detail information, you can see the columns, such as the
experiment’s name, versions, owner, and so forth (Figure 12-29).

> e <- experiments(ws, tilter = "all")

> Vview(e)
> names(e)
[1] "ExperimentId" "pescription”
[3] "Etag"” "Creator"
[5] "1sArchived" "Jobrd"
[7] "versionId" "Run1d"
[9] "originalExperimentDocumentationLink" "Summary"
[11] "category" "Tags"
[13] "IspPartialrun” "statuscode"
[15] "statusDetail” "CreationTime"
[17] "startTime" "EndTime"

[19] "metadata"

Figure 12-29. Exploring the attributes we are able to see from Azure ML
Experiments

It is possible to upload a data set from RStudio into Azure ML with the upload.
dataset command.

There is a data set in the ggplot2 package that I am going to upload to the Azure ML
Studio.

library(ggplot2)
upload.dataset(mpg,ws, "mpg")

You must to provide the data set, workstation objects (ws), and a name with which
you want to save the data set in the Azure ML environment. Now, if you explore the data
sets in Azure ML, you will be able to see the newly uploaded data set there.
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Summary

This chapter presented a brief introduction to Azure ML Studio. First, a simple machine

learning model for predicting the survival of Titanic passengers was implemented. The

next step was to create an API from the model, analyze it, and show the result in Excel. In

addition, how to write R codes inside Azure ML using the Execute R Scripts module was

explained. The chapter’s final section explained how to explore Azure ML Studio via R

code and upload data sets from RStudio into Azure ML datasets.
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CHAPTER 13

Machine Learning in Azure
Stream Analytics

Azure Stream Analytics is an event-processing engine that allows users to analyze

high volumes of data streaming from devices, sensors, and applications. Azure Stream
Analytics can be used for Internet of Things (IoT) real-time analytics, remote monitoring
and data inventory controls. However, Azure Stream Analytics is another component in
Azure on which we could run machine learning. It is possible to use a machine learning
model API created in Azure ML Studio inside Azure Stream Analytics for applying
machine learning to streaming data from sensors, applications, and live databases.

In this chapter, I will explain how to use machine learning inside Azure Stream Analytics.
First, a general introduction to Azure Stream Analytics is given, then, a simple example
of an Azure ML Studio API that is going to be applied to the stream data is presented.

Azure Stream Analytics Environment

Azure Stream Analytics is an event-processing component in the Azure environment. To
create Azure Stream Analytics, you must log in to an Azure account and create a Stream
Analytics job (Figure 13-1).

225
© Leila Etaati 2019

L. Etaati, Machine Learning with Microsoft Technologies, https://doi.org/10.1007/978-1-4842-3658-1_13

www.EBookswWorld.ir



CHAPTER 13 MACHINE LEARNING IN AZURE STREAM ANALYTICS

| 2 stream|

stream

Stream Analytics job

Teradata Data Stream Controller

RSA MetWitness Event Stream Analysis (BYOL)

Azure Stream Analytics on loT Edge

NeTWOTKINg
Storage

Web

Mobile

Containers

Databases

Analytics

Al + Machine Learning
Internet of Things
Integration

Security

Identity

Developer tools
Management Tools
Software as a service (SaaS)

Blockchain

Web App
Quickstart tutorial

SQL Database
Quickstart tutorial

Serverless Function App

B Quickstart tutorial

Cosmos DB
Quickstart tutorial

Kubernetes Service
Quickstart tutorial

DevOps Project
Quickstart tutorial

Storage Account
Quickstart tutcrial

Show recently created items

Figure 13-1. Creating an Azure Stream Analytics job in an Azure environment

After creating a Stream Analytics job in Azure, you must set up some predefined

parameters, such as the job name, subscription, resource group, and so forth (Figure 13-2).
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Figure 13-2. Stream Analytics job initialization

Stream Analytics is like a service bus inside Azure, able to fetch data from some
components and apply some analytics on received data and pass it to other components.
As aresult, the Stream Analytics environment contains three main components:

Inputs, Outputs, and Query. Stream Analytics is able to fetch data from just three main
components: Event Hub, IoT Hub, and Blob storage. These three components are used
mainly for collecting data from external sensors, applications, and live APIs. Stream
Analytics can pass data to some other Azure components, such as Blob storage, Azure
SQL database, Power BI, and so forth (Figure 13-3).
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Figure 13-3. Stream Analytics Outputs

Finally, the last important component is Query Editor, which helps users to apply
some analytics on received data before sending them to output (Figure 13-4).
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Figure 13-4. Stream Analytics main components (Inputs, Outputs, and Query)
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The language used in Stream Analytics is the Stream Analytics Query Language,
which is very to the SQL scripting language.

Case Study

For our case study, I will show how to get data from an application via Event Hub, then
pass the collected data into Stream Analytics, apply machine learning and then show the
live result in Power BI Services.

The process is explained in Figure 13-5. As you can see in the figure, there is an
application that sends live data to Event Hub. Stream Analytics receives the live data,
applies an Azure ML API model on the received data, and then sends it to Power BI. In
Power BI Report, the end user can see the live data in addition to the result of the
machine learning that was applied to it.

B> > s m

Figure 13-5. Case study for fetching data, applying machine learning, and then
showing the result in Power BI

Event Hub

The first step is to create an Event Hub service in the cloud. To create an Event Hub
service, follow the same procedures for creating Stream Analytics. Create a new service
and provide the relevant information (Figure 13-6).
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Figure 13-6. Creating an Event Hub in Azure

With an Event Hub service, you can add a new Event Hub to your service

(Figure 13-7).
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Figure 13-7. Creating a new Event Hub

Application

The second step is to create an application that generates some sample data.
The application is a sample .NET framework application that auto-generates
some random data. (The application has been included in the book materials for
Chapter 13.) Open the folder containing the application (Figure 13-8).
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Figure 13-8. Application creating random live number

As I mentioned earlier in this chapter, I'll be using a .NET C# console application to
pass the data to Event Hub. This application has been created by Reza Rad [1]. In his blog
post, in the “Push Data Application” section, Rad explains the process of creating this
application step by step.

However, for the application that has been included in the related materials for this
chapter, you must open it with Visual Studio, then open the Solution Explorer, go to
References, right-click and select Manage NuGet Packages. Next, click Browse, select

WindowsAzure.ServiceBus, and install it (Figure 13-9).
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Figure 13-9. Install Azure Service Bus in Visual Studio
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After installing Azure Service Bus, you must set up the configuration. Click App.

config, then in the code for the key section (Figure 13-10), change the end point URL

name and keys (from the created Stream Analytics in the next section).
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Finally, you must enter the name of your Event Hub in the main code section under
the program (Figure 13-11).

D ConscleApplication]  Mcrosoft Visusl Studic ¥ @ quickLewch i0ri-gy - B x
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23 tamp = (Int32)(DateTime.UtcNow.Subtract(new DateTime(197@, 1, 1))).TotalSeconds;

24 Random{) ;
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ing in JSON format
28 = JFormat ("[{{ \'ts\": {@}, \"value\":{1} }}1", unixTimestamp, currentValue}; -

Shemw cubput from: | Xamarin

Figure 13-11. Changing the Event Hub name in the code

Now the code is ready. Before running the code, you must set up the Stream
Analytics.

Azure Stream Analytics

The first step is to create a Stream Analytics job in Azure (Figure 13-12).
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Figure 13-12. Creating a new Stream Analytics job in Azure

After creating Stream Analytics, you must set up the Inputs, Outputs, and Query.
As mentioned, Stream Analytics is able to retrieve data from other Azure components.
As you can see in Figure 13-13, Stream Analytics can get data from the three main Azure
components and then pass stream data to other resources, such as Power BI, SQL
Database, and so forth. The transformation query leverages an SQL-like query language
that is used to filter, sort, aggregate, and join streaming data over a period [2].
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Figure 13-13. Inputting data for Stream Analytics

In our case study, we are going to get data from the Event Hub, apply machine
learning to it, and then pass it to Power BI, to see the live data with applied analytics.

To create input, click the Inputs option on the main Stream Analytics page
(Figure 13-14).

Figure 13-14. Creating Input for Azure Stream Analytics
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After creating input for Stream Analytics, we must create output, following the same
process for input (Figure 13-15).

o+ add
SUL Untazase
*
Blob sterage ]
L Table storage
Service Bus topic
."" Service Bus queue
e Cosmos DB
L Pawer Bl
=
Data Lake Store
%
Azure function
-
I
|
L

Figure 13-15. Creating output for Power Bl in Stream Analytics

After creating Stream Analytics input and output and before creating the query,
we must set up some keys and names in the .NET code. Click the Stream Analytics
components, then Shared access policies. Click RootManageSharedAccessKey, then
copy the Primary Key (Figure 13-16).
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Figure 13-16. Key for shared access

Copy the data and then paste it in the main code section shown in Figure 13-11.

Azure ML

In Azure ML Studio, I have created a simple model for grouping data. The main

aim of this model is to fetch data from the application, then group it into four main
groups. Next, I create an API, so that Stream Analytics is able to pass data to it and
get the group number and the real value. Import the sample data that the application
is going to generate (Figure 13-17). The sample data has been included in the

book materials for Chapter 13. Then drag and drop the Select Columns in Dataset
component to the selected value column. Finally, leverage another component
named Group Data into Bins.
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Figure 13-17. Azure ML model

Take the following steps, to generate an API for this model.
1. Run the model using the Run option at the bottom of the page.

2. Click Setup Page, to create input and output for the API
(Figure 13-18).

3. Then, run the model again and click Deploy Web Service.

After creating a web service, a new page will be shown. On the new page, in the
middle of the page, the API key for the web service appears.

GroupData

Figure 13-18. Azure ML web service creation
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To connect from Stream Analytics to the Azure ML API, we must click APPs (at the
bottom of the page), then click Excel 2010 or an earlier workbook (Figure 13-19). A new
Excel workbook will be downloaded. Open the Excel file, then, at the top of the page, you
will see the web service URL and access key.
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n Vs pretes 107 et 2013 o b 1)y o) 2058 o enrier warkbiack TN 112520 M

0 o 2573 o lnter e g T A

erdpaints erasted for Bhia web sarvice: 0

Figure 13-19. Azure ML web service creation

Copy the code for the web service URL and the access key (Figure 13-20).

oce you hane erabied and the table: o pieane enter you input values in the Bnce al have b . PREICTED VALUES will be muscematically compu ted
ks 10 theottling. Lpgrade righ

iz zem o

Figure 13-20. Access key and URL in Excel file

Now that we have the keys and URL, we must set up a function in Stream Analytics,
to access the created model in Azure ML Studio.
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Stream Analytics Function

At this stage, we have created an Event Hub application to generate a random number,
Stream Analytics, and an Azure ML model and API to group the streamed data.

In this section, we must create a function inside Stream Analytics to call the created
API in Azure ML. Click Azure Stream Analytics job, then click Functions (Figure 13-21).

Figure 13-21. Creating a function in Azure Stream Analytics

On the Functions page, select the subscription name, the key, and URL extracted
from the Excel file (Figure 13-22).
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Figure 13-22. Creating a function

On theStream Analytics main page, we must add some code in Query Editor, to call
the function. Click Edit Query, then in the editor, paste the following code:

WITH MLStreamAnalytics AS (
SELECT value, MLStreamAnalytics(value) as result
FROM azureml

)
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SELECT
value, result.[value quantized]
INTO
MLoutput
FROM
MLStreamAnalytics

The first part of the code is for calling the function and getting the result from it.
As you can see in Figure 13-23, the first part of the code is about creating a temporary
table to call the MLStreamAnalytics(value). The next step is about getting the data
from the Event Hub component (from Azure ML).

The second part of the code gets the data from a function in Azure Stream Analytics

and passes the data to the Power BI component (MLoutput).

L]
M--L__‘___ | ticaiveles) as resall
8 i ¥ g
@ o P
° 5 s
P v, st vl gmenize]

Figure 13-23. Edit Query in Stream Analytics

Live Analytics on Stream Data

The last step is to run the code. First, we must run the Stream Analytics job by clicking
the Start key (Figure 13-24).

243

www.EBookswWorld.ir



CHAPTER 13 MACHINE LEARNING IN AZURE STREAM ANALYTICS

" P osun W B Dslete
o e - [ e
B Resource group g Send fesdmack
= ki ConuuliVe UserVisice
M Ayl Seatu Createc
Tutscay, 3 boby 2018 112507 A
58 Access control (AM) Hoppes wasday, 3 by 2018 11:2540
Location Stared
= Austraia Southaast harstay, § Duly 2018 19:55:08 AM
e Soun T S huly 2018 10:3508
- - Subscriptien (hasgn Last eunput
A ki s ot b Mizremett Ature Speatsrhip Tevarsay, § Dty 2008 110426 M
] = Subseription D Hggting anveanmant
Ge662370-Tdb-abba-540-657506612125 Cious
= SETTGE A
T B tess Inputs Cuery
| = 1 --MiStreas BIGINT } RETURNS RECORD
- 08 TOPCLOGT 2 WITH HLStr
aureml 3 SELECT valwe, MLStreamAnalytics(value) as result
m = inputs 4 FROM azurenl
5
'y B Functions - )
Cutputs .
= 7
= Quary 1 & SELECT
5 value, result.[value_quantized]
* Outputs s
MLoutput 10 INTO
1 HLoutput
¢ conngusr 12 FROM
13 MLStreananalytics
2 Sesle
]
Lowsle
-« Menitaring * Resource utilization
*i Evert ordering
L o) oen

@ Ervo policy

Figure 13-24. Running the Stream Analytics job

After running the Streaming Analytics job, open your Power Bl service from
powerbi.microsoft.com. Asyou can see in Figure 13-25, a streamed data set has been

created in Power BI. To work with it, click the report icon and create an empty report.

Dashboards  Reports  Workbooks  Datasets howre 30 gemls}  Narse

AETIONS LAST RIFRESH MEXT REFRESH AmaccEss

EREAER

Figure 13-25. Creating a streamed data set in Power Bl
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On the report page, a new Power Bl report is shown, with a data set that has two
fields: Value and Value_quantized (Figure 13-26).

Figure 13-26. Power Bl report with Stream Analytics

We must now run the code in the .NET application and add the report to the new
workspace. After running the code and checking the workspace, you can see the live
data coming from the application and the streamed data in Power BI, in addition to the
group name and number that each value has been allocated using the Azure ML model
(Figure 13-27).

653

Figure 13-27. Streamed live data in Power Bl
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Summary

This chapter offered an overview of Azure Stream Analytics and a brief explanation of its
different components. A use case demonstrated how Stream Analytics can be leveraged
for live analytics, using the Azure ML model and API. A sample application to generate a
random number was created, then how to use Event Hub, Stream Analytics, Azure ML,
and Power BI together to show a streamed live data analysis was reviewed.
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CHAPTER 14

Azure Machine Learning
(ML) Workbench

Azure ML Workbench is another tool introduced by Microsoft in 2017. Azure Machine
Learning services (preview) integrate end-to-end data science with advanced analytics
tools. They help professional data scientists prepare data, develop experiments, and
deploy models at cloud scale [1]. First in this chapter, a brief introduction into Azure ML
Workbench is provided, then a comparison between Azure ML Studio and Azure ML
Workbench is made. The process of installing Azure ML Workbench will be presented
next. After, loading, preparing, and visualizing the data will be discussed.

Azure ML Workbench

Azure ML Workbench is an integrated, end-to-end data science and advanced analytics
solution. It is a tool for preparing data, developing models and experiments, and, finally,
deployment at the cloud scale. Azure ML Workbench is a new version of Azure ML

that has some differences from Azure ML Studio. In Table 14-1, I have summarized the
principal differences between Azure ML Workbench and Azure ML Studio
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Table 14-1. Azure ML Workbench vs Azure ML Studio

Azure ML Workbench Azure ML Studio
Users It is suitable for professional data It is a great tool for users who are not
perspective scientists. experts in machine learning.

Deployment It is possible to deploy the model The deployment of models in Azure ML
in cloud, manage the models, and Studio is via API creation.
track their deployment.

Development  The only development language is  Model can be developed using R or Python
language Python. code, in addition to using some existing
models and transformation components.

Accessibility ~ On-premises platform Cloud-based platform

The five main components of Azure Machine Learning are
e Azure Machine Learning Workbench
e Azure Machine Learning Experimentation Service
e Azure Machine Learning Model Management Service

e Microsoft Machine Learning Libraries for Apache Spark (MMLSpark
library)

e Visual Studio Code Tools for AI

Azure ML Workbench is a desktop application that is a command-line tool. It
supports Windows and MacOS. With it, it is possible to manage machine learning
solutions.

Azure ML Workbench Installation

The first step in installing Azure ML Workbench is to create service accounts for Azure
Machine Learning services [2]. Log in to the Azure Portal (portal.azure.com) and select
Machine Learning Experimentation (Figure 14-1).
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« =2 0O @ (4 hitpsy//portal.azure.com,#

To see favourites here, select ¥= then %, and drag to the Favourites Bar folder. Or import from another browser. Import favourites

A machine Iearn.-nd

machine learning

Machine Learning Model Management

= =

r
L Machine Learning Experimentat

e
Clear Linux OS5 - Machine Learning
Machine Learning Studio Workspace

MNETWOTKING

Storage Web App

Web Quickstart tutorial

Mobile
SQL Database

Containers Quickstart tutorial
Databases

{ Serverless Function App
HAnmics Quickstart tutorial
Al + Machine Learning

Cosmos DB
Quickstart tutorial

Internet of Things
Integration

Security Kubernetes Service
Quickstart tutorial

Identity

Developer tools DevOps Project

Management Tools Quickstart tutorial

Software as a service (SaaS
¢ ) Storage Account
Blockchain Quickstart tutorial

Show recently created items

Figure 14-1. Creating the Azure ML model experimentation

Next, we must set up the parameters, as shown in Figure 14-2.
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Figure 14-2. Setting up parameters for Azure ML model experimentation

It is possible to download Azure ML Workbench from the overview page. As shown
in Figure 14-3, I created Machine Learning Model Management.
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Figure 14-3. Azure ML model and experiment management

Download Azure ML Workbench from the Azure portal. The initial installation

process may take a few minutes.

Azure ML Workbench Environment

After installing Azure ML Workbench, open it. As you can see in Figure 14-4, at the start,

no projects are listed in Azure ML Workbench.
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better suited for downstreaen usage,

Fes1  Experimentation
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Maodel Management
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0 duphayment, 1L alse ensbles model vrsioning, Wlematry tracking and maoee.

Featured Video

e} :
Figure 14-4. Azure ML model main page

To start to work with the Azure ML Workbench, there are some sample projects to
help users learn more about it. To begin, you must create an empty workspace. To create
a new workspace, click the plus sign (+), then click New Workspace (Figure 14-5).

2y azureMLwrkBench - Azure Machine Leaming Werkbench (Preview)
File Edit Help

D PROJECTS

New Project

LeilaWeorkspace
11 projects Add Existing Folder as Project

m-
N T

Figure 14-5. Creating a new Azure workspace

L

New Workspace

As you can see in Figure 14-6, to create a new workspace, we must provide some
details about the workspace, such as a name and description.
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& Arure Maching L = o *
Fite Edt Heip

Create A Workspace X

Wotkspace name

BockAnalytics .
Werkspace description
i
o= -

Figure 14-6. Providing details about the new Azure workspace

Create a new project under the new workspace. Under the last text box, Search
Project Templates, search for Iris Classification (Figure 14-7).
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New Project X

Project name *

irisclassification |

Project directory *

CiwebloghAZUREML Browse...

Project description
Visualstudio.com GIT Repository URLD

Selected workspace

LeilaWerkspace ¥

iris Q

Classifying Iris

Figure 14-7. Iris Classification project

Create the iris classification project. After creating the project, the project
environment will be shown. There are five main tabs (Figure 14-8). In the next section,

each of these components will be explained.
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f g—

Fle Edit Melp

H @ Project Dashboard &
B irisclassification

@ LOCATION Ciywebd o9 AZUREMLyunsclassification

M e - I “

0]

o Getting Sta rted

Welcome to your new Azure Machine Learning Project
For mare infarmation go to htipy//aka.ms/AzureMLGemingStarted
Configure your faverite IDE and open this project using the File menu,
Add and prepare data sources using the Data tab.

Add and explore notebooks using the Notebook tab.

Explore past runs and access project outputs using the Run History tab.

ol
©
©

Figure 14-8. Iris project in Azure ML Workbench

Azure ML Workbench Import Data

The first step is to import the data into Azure ML Workbench. Click the Data option.
There are two main sections there. Data Sources stores the original data source. The
Data Preparations option stores the prepared and cleaned data. To import Data into
Azure ML Studio, you must click the plus sign (+) at the top of the page (Figure 14-9).
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| & sswreMiarkBench - Soure Machine Lesming Workbench [Preview)
File Edit Helo

€ Project Dashbosed x

B irisclassification
ot

b CATIOM  Cansing AZUREMLnsclassification
i g 4 Data Sources (0} s Pata Socce
1 4

& 4 Data Preparations (0]
=3, Argumants:
il v
i A Aot “

O]
0 Getting Started

Welcome to your new Azure Machine Leaming Project.

For mare information go to hitpy//aka.ms/AzureMLGettingStarted
Cenfigure your favorite IDE and cpen this project using the File menu.
Add and prepare data sources using the Data tab.

Add and explore notebooks using the Notebook tab.

Explore past runs and access project cutputs using the Run History tab.

©
o

Figure 14-9. Importing data

Click Add Data Source, which has four main options to import the data (Figure 14-10):
o TextFiles
e Parquet
o Excel Files

e« Database
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Add Data Source

o i B

Figure 14-10. Add Data Source option

In this example, the iris data (text file) will be imported from the local PC into the
Azure ML Workbench environment. Choose the Text file and import the data into Azure
ML Workbench (you can download the iris data set file from www. kaggle.com/uciml/iris).

As you can see in Figure 14-11, the iris data set has been imported. The data set in
Data Source section stores the raw data. It also shows how many rows have been missed,
how many are valid, and so forth.
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AIDSTAEEA SO} F a9 3 14 02 lIris-setosa
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E 5.1 a7 1.5 04 Iris-setoss

Figure 14-11. Importing data into Azure ML Workbench

To prepare the data, click the Prepare option at the top of the window and assign a
proper name to the new data set. Then, in the Data Preparations section, a new data will
be shown (Figure 14-12).
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Figure 14-12. Preparing the data

Right-click the first column. There are some options for data cleaning, such as

Replace NA Values, Replace Missing Values, and so forth. Rename the columns to Sepal
Length, Sepal Width, Petal Length, and Petal Width. It is possible to create a chart, to get
a better understanding of the data. As you can see in Figure 14-13, at the bottom of the

right-click menu, there are some chart options, such as Column Statistics, Histogram,

Value Counts, and so forth.

For our example, we can see the distribution of data by choosing a histogram chart.
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Figure 14-13. Histogram chart of iris sepal length

This editor provides a means for data scientists to better analyze the data and gain a
better understanding of the data specifications, such as distribution, outliers, and so forth.
Azure Machine Learning Workbench supports interactive data science experimentation
through its integration with Jupyter Notebook. After importing and cleaning the data, you
must run and train the models. As you can see in Figure 14-14, there is a notebook editor
for running the code and testing the models. Click the Notebook option at the left side of
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the window. A notebook will appear there. (In Chapter 19, a brief introduction to Jupyter
Notebooks is presented.)

£ Projecs Dashbcard a o s

> St @ Servar I S0 NotaEOSk Sanve

ZJupyter s s sanps
Fla  Ed View Wmad  Cel  Kemel ek g Kewsl O

B+ ¥ OB+ ¢ Hien BT B vaon ||

Classifying Iris Notebook

Bt ain tasedin P youchoose as besnel

« Forlocal or remote Docker kemals, pl neteboek and lotie FouT cOnca_¢ undes aml_conlg foider.

o
o

Figure 14-14. Jupyter Notebook in Azure ML Workbench

There is an option named Run at the left side of the window. It shows the history of
the running model. At the start, there is no run history.

The related files for the iris project have been loaded in the last option on the left side
of the window. As you can see in Figure 14-15, all the files related to Iris classification are
located there.
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[ iris_sparkpy data.show(18)
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B plet_graphspy 43 reg = 8.91
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O readmemd 50 if len(sys.argv) > 1:
B runpy 1 reg = float(sys.argv[1])
53
B ‘SCONE_mnis.py

©
L)

i # log regularization rate
4 run_logger.log("Regularization Rate”, reg)}

56 # use Logistic Regression to train on the training set

train, test « data.randomSplit({[e.78, @.38])

2 1r = pyspark.ml.classification.LogisticRegression(regParam=reg)
560 model = lr.fit{train)

61 # predict on the test set

2 prediction = model.transform(test)
3 print("Prediction")
4 prediction.show(18)

5 # evaluate the accuracy of the model using the test set
57 evaluator = pyspark.ml.evaluation.MulticlassClassificationEvaluator{metricName='accuracy'})
68 accuracy = evaluator.evaluate(prediction)

78 print()

71 print(’ i !

2 print( Regularization rate is {}'.format(reg))

print(“Accuracy is {}".format{accuracy))

74 print(" iy |
. print()

Figure 14-15. Iris files

Asyou can see in Figure 14-15, all files related to the iris project are listed. One of the
filesis iris_sklearn.py. This file contains models and data for Iris classification. It is
possible to run the code locally on Docker (Figure 14-16).
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e R ¢
° o ]

Figure 14-16. Running the Python code

Click the Run option and run the model. After running the model, click Run, at the
right side of the window. You will be able to see details of the run, including status, run
start time, duration, accuracy, and so forth (Figure 14-17).
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Figure 14-17. Iris run details

The details of running the Python code have been shown in Figure 14-16. The
evaluation result for Iris classification is shown in Figure 14-18.
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Figure 14-18. Iris classification result
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Summary

This chapter presented a brief introduction to the Azure ML Workbench environment,
including an explanation of how to install it and access the environment. In the next
chapter, you will see how to import data from an SQL Server database and then load it to
Azure ML Workbench and how to run it in Spark on Docker.
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CHAPTER 15

Machine Learning on
HDInsight

In this chapter, an overview of how to use HDInsight for the purpose of machine learning
will be presented. HDInsight is based on Apache Spark and used for in-memory cluster
processing. Processing data in-memory is much faster than disk-based computing. Spark
also supports the Scala language, which supports distributed data sets. Creating a cluster
in Spark is very fast, and it is able to use Jupyter Notebook, which makes data processing
and visualization easier. Spark clusters can also be integrated with Azure Event Hub

and Kafka. Moreover, it is possible to set up Azure Machine Learning (ML) services to
run distributed R computations. In the next section, the process of setting up Spark in
HDInsight will be discussed.

HDInsight Overview

HDInsight is an open source analytics and cloud-based service. Integration with Azure
HDInsight is easy, fast, and cost-effective for processing massive amounts of data. There
are many different use-case scenarios for HDInsight, such as ETL (extract, transform,
and load), data warehousing, machine learning, Internet of things (IoT), and so forth.
The main benefit of using HDInsight for machine learning is access to a memory-
based processing framework. HDInsight helps developers to process and analyze big
data and develop solutions, using some great and open source frameworks, such as
Hadoop, Spark, Hive, LLAP, Kafka, Storm, and Microsoft Machine Learning Server [1].
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Setting Up Clusters in HDInsight

The first step is to set up HDInsight in Azure. Log in to your Azure account and create an
HDInsight component in Azure (Figure 15-1). As you can see in Figure 15-1, there are
different modules for HDInsight, such as HDInsight Spark Monitoring and HDInsight
InteractiveQuery Monitoring. Among those modules, select the HDInsight Analytics
option.

Microsoft Azure R Search resources, services, and docs i) i i34 ? 3] leila.etaati@gn

Home * Mew * Marketplace * Ewverything

lace # X Everything

; List V = Y Filter

mOE

2 hdinsight
Results
b7
o

[} NAME PUBLISHER CATEGORY

-

= [ E HDInsight Microsoft Analyties

%

i HFactory Teols (for HDInsight) Ubeeko Compute
&

[ ] E HDInsight Spark Monitoring Microsoft Management Tools
" HDInsight InteractiveQuery Monitoring Microsoft Management Tools
=]
E HDInsight Storm Menitoring Microsoft Management Tools

Figure 15-1. Setting up HDInsight in Azure

When you create HDInsight, you must follow some steps for setting up the cluster
and identifying the size. The first step is to set a name for the cluster, set the subscription,
and choose the cluster type (Figure 15-2). Different cluster types are available, including
Spark, Hadoop, Kafka, ML Services, and more.
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Figure 15-2. Creating HDInsight in Azure

The next step is to identify the size and check the summary (Figure 15-3) of the cluster.

Home > New > Marketplace > Everything > HDInsight > HDInsight > Cluster summary

HDInsight X Cluster summary o X
by Micresoft
- = Azure g hdinsightbook2018 (new)
Custom (size, settings, apps) |
Additional Sterage accounts
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1 Basics o
Configure basic settings Applications (optional) (Edit)
Applications (opticnal)
Storage v . m
2 Set storage settings Cluster size (Edit)
MNodes Head (2 x D12 v2), Worker (4 x D4 v2), Zookeeper (3 x A2...
MLServices (1 x D4 v2)
3 Summary >
Confirm configurations Advanced settings (Edit)
Script actions =
o This cluster may take up to 20 8.29 NZD
minutes to create. Nzu;Hom'[ssrlmmzo}
10 NODES (2 Head + 4 Worker + 3 Zookeeper + 1 MLServices) 54 CORES - --
ML Services 9.3 (HDI 3.6} heinsightboak A | h

Download template and parameters

Figure 15-3. Setting up HDInsight
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Creation of HDInsight may take some time. After creating an HDInsight component,
on the main page, in the Overview section, select Cluster dashboards (Figure 15-4).
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22+ hdinsightbookai
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& Tags EastUS 2 o II

X Diagnose and solve problems

4 Quick start

wd Tools
Settings N
# Cluster size
# Quota limits ﬁ Cluster dashboards
) Cluster management interfaces

S5H « Cluster login
I Data Lake Storage Gen

&= Storage accounts

Figure 15-4. HDInsight environment

Next, select Jupyter Notebook. On the new page, choose the New option (Figure 15-5).

-t
= Jupyter
Files Running Clusters
Select items to perform actions on them. Upload Nsw-: o
[ - |l Text File
; Folder
O o Pyspark
Terminal
O O scala
Create a new notebock with PySpark
PySpark
PySpark3
Spark

Figure 15-5. Jupyter Notebook environment

As you can see in Figure 15-5, there are environment options, such as PySpark,
PySpark3, and Spark. You can write the Python code in all of them.
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After creating the new page for Spark, you must log in with the username and
password that you provided for creating the HDInsight component. The Jupyter
environment is like a notebook and, so, like the Azure Databricks environment. As you
can see in Figure 15-6, it is possible to write the code there and run the whole cell to see
the result.

: jU pyter Untitled2 Last Checkpoint:

File Edit View Insert Cell Kemnel Widgets Help

+ X @A B 4+ ¥ M B C)|code v CellToolbar
———————_ Run the Cell

| [ 1 Wirrite your code here

Figure 15-6. Jupyter Notebook environment

It is also possible to fetch the data from other Azure components, such as Azure
Data Lake Store Genl (Figure 15-7). To do this, you must run the following code (in
Databricks, you run the same code).

spark.conf.set("dfs.adls.oauth2.access.token.provider.type",
"ClientCredential™)

spark.conf.set("dfs.adls.oauth2.client.id", "a1824181-e20c-4952-894f-
6f53670672dd")

spark.conf.set("dfs.adls.oauth2.credential", "iRzOkcyahiomc5AKobyVxFdDVF/
mEbS3mgNimoehGow=")

spark.conf.set("dfs.adls.oauth2.refresh.url”, "https://login.
microsoftonline.com/0b414bdb-2159-4b16-ad13-b2d54a1781da/oauth2/token™)
val df=spark.read.option("header", "true").csv("adl://adlsbook.
azuredatalakestore.net/titanic.csv")

val specificColumnsDf = df.select("Survived", "Pclass", "Sex", "Age")

val renamedColumnsDF = specificColumnsDf.withColumnRenamed("Sex", "Gender")
renamedColumnsDF.createOrReplaceTempView("some name"
renamedColumnsDF . show()
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: J u pyte I Untitled1 Last Checkpoint: 10 hours ago (autosaved)

File Edit View Insert Cell Kernel Widgets Help &, !S—‘-r..-:.-l-. (o]
B+ 2 @ B 4 4+ H B C Coe ~ E  CellToolbar
In [8]:

spark.conf.set("dfs.adls.ocauth2.access.token.provider.type”, "ClientCredential")
spark.conf.set("dfs.adls.oauth2.client.id", "alB824181-e2@c-4952-894f-6f53670672dd")
spark.conf.set("dfs.adls.oauth2.credential®™, "iRzOkcyahiomcSAKobyVxFdDVF/mEbS3mqNlmoehGew=")
spark.conf.set("dfs.adls.oauth2.refresh.url®, “https://login.microsoftonline.com/@b414bdb-2159-4b16-ad1l
val df=spark.read.option(“header”, "true").csw("adl://adlsbook.azuredatalakestore.net/titanic.csv")
val specificColumnsDf = df.select("Survived", "Pclass”, “"Sex", "Age")

val r dCol DF = specificCol DFf .withColumnR d{"Sex", "Gender")

//val d=dotaframewriter(renamedColumnsDF)

renamedColumnsDF . createOrReplaceTempView( " some name™)
renamedColumnsDF . show( )

L T SR S X
|Survived |Pclass|Gender| Age|
AN g e e g o O b il
| 8| 3| male| 22|
| 1| 1|female| 38|
| 1| 3|female| 26|
| 1| 1|female| 35|
| 8| 3| male| 35|
| 2] 3| male|null|
| ]| 1| male| 54|
| 8| 3| male| 2|
| 1| 3|female| 27|

Figure 15-7. Getting the data from Azure Data Lake Store Genl

It is also possible to perform machine learning in Jupyter Notebook with Spark. For
an example, follow the tutorial available at https://docs.microsoft.com/en-us/azure/
hdinsight/spark/apache-spark-ipython-notebook-machine-learning.

Summary

This chapter presented an overview of HDInsight and how to set it up. How to use
HDInsight for different purposes was explained briefly, as well as how to set up
HDInsight inside the Azure environment and how to access Jupyter Notebook for the
purpose of writing codes in a PySpark, Spark, or PySpark3 environment. An example of
how to connect to Azure Data Lake Store Genl to fetch the data was shown.

Reference

[1] Microsoft Azure, “Azure HDInsight Documentation,”
https://docs.microsoft.com/en-us/azure/hdinsight/, 2019.
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CHAPTER 16

Data Science Virtual
Machine and Al
Frameworks

Data Science Virtual Machine (DSVM) is a virtual machine on the Azure cloud that is
customized for doing data science. DSVM has some pre-configured and preinstallation
tools that help users build artificial intelligence (AI) applications. DSVM assists data
science teams to access a consistent setup. In this chapter, a brief introduction to DSVM
and how to install it is provided, in addition to an overview of the tools installed.

Data Science Virtual Machine Overview

Data Science Virtual Machine is a preinstalled and pre-configured tool capable of
promoting collaboration among data science teams. Installing a set of required tools in
the cloud reduces the need for maintaining the software and the cost and time required.

DSVM can help trainers and educators to teach data science with a consistent setup.
Having a pre-built setup environment is good for short-term training. DSVM can be
useful for learning and comparing different machine learning tools, such as Microsoft
ML Server, SQL Server, Visual Studio, Jupyter, deep learning tools, and so forth. DSVM
has many different data science and deep learning tools, including the following:

e Microsoft R Open with popular packages preinstalled
e Microsoft ML Server (R, Python) Developer

¢ Microsoft Office Pro-Plus
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© Leila Etaati 2019

L. Etaati, Machine Learning with Microsoft Technologies, https://doi.org/10.1007/978-1-4842-3658-1_16

www.EBookswWorld.ir



CHAPTER 16  DATA SCIENCE VIRTUAL MACHINE AND Al FRAMEWORKS

Anaconda Python 2.7, 3.5
Relational Database
Database Tools

Jupyter Notebook Server with R, Python, Julia, PySpark, Sparkmagic,
and SparkR

Development tools, such as Visual Studio 2017, RStudio Desktop and
Server, PyCharm Community, and so forth.

Power BI Desktop

Data Movement and Management tools, such as Azure Storage
Explorer and Microsoft Data Management Gateway

Machine Learning tools, such as Azure Machine Learning, Weka,
Rattle, and H20

Deep learning tools, such as Microsoft Cognitive Toolkit, TensorFlow,
and Keras

Big data platforms, such as Spark and Hadoop [1]

Setting Up the Data Science Virtual Machine

To set up the DSVM, first you must log in to the Azure portal. Choose the AI—Machine

Learning, then click Data Science Virtual Machine—Windows 2016 (Figure 16-1).
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- - : 1
Microsoft Azure £ Search resoueces, sendces, and decs m

Azure Marketplace Seeal  Featured Sexa

Pelas:tsings Levaeninng §xpetimoentalion

Get started :
ﬁ (presviess)
Retenlly ereated (Enckstar htnnal
- = i B
Compute | = Data Scence Virtual Machine - °
Windaws 2016
Networking | EL el
i Craizketart tutonal
Slowage
Web App Bot
‘Web @ (uurkera hgnaal
Paabiile
— Computer Vision
Lontainers E 2 :
Crnzistas tutonal
Databases
fnalytics el Face

Quickstart Latwrial

[ 41 Machine Learning 0/
lettenned eof Dhings Texx Analyics
l*v:egratron (rnzkstar hutonal

Figure 16-1. Data Science Virtual Machine setup

The next step is to set the size and choose the proper setup. For the purpose of data
science, the virtual machine CPU should have more than four cores and 14GB or more of
RAM (2] (Figure 16-2). There is a star beside the required service (as shown in Figure 16-2).
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Home » New > Createvirtual machine » Choose a size

S ol Create virtual machine *  Choose a size
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Sech Corroute type Disk type
‘I CGesics " Curnent generelion ¥ Premiur
Cume
IOV Y ™A COMPUTL.. Vorus t G RAMY DATA IS
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-
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L ]
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L Loading prcing..Cice hare to open priding cakulator

¢
&
(-3
W

Figure 16-2. Choosing the Data Science Virtual Machine size

The next step is to configure the setting, to identify locations and names. Finally, in
the last step, the summary of the DSVM will be shown. Deploying the DSVM will take
about five minutes to create the service (Figure 16-3). After creating the resource, click
Go to Resource.

Notifications

More events in the activity log = Dismiss all -

o Deployment succeeded

Deployment ‘'microsoft-ads.windows-data-science-vmwindows2016
20180913103330" to resource group "dsvmbookai’ was successful.

% Pin to dashboard

by me 2 minutes ago

Figure 16-3. DSVM creation
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see in the figure, there is an overview of the location of the DSV, the size of the virtual

machine, and so forth.

Microsoft Azure

A Scorch resources, services, ond docs

Home > deembzaks

W1 dsvmbookai
. Witnad marhine

A Overview

B articnyiag

s Access coruol (M)
‘ Tags

K Disgrose and solve problems

N 9

Settings
E Newording
= Duks

B sire

&
O
L
=

D xeawriry
[} estorziors
0% Cortinucus delivery (Preview)

N Availabiling et

50 ¢

W Corfiguretion

Runting

Locatior

Australia Southeast

gtion ID

0e6562375-Td31-4bb3-53542- 861206212125

ags (change)
Slick b 0 i Lo

St dale fov kst fs hovsrs [ 17 howrs [ 1 oy

CPU (average)

Figure 16-4. DSVM overview

To connect to the DSV, click the Connect option at the top of the window. The

o,
& Caphue

4

0 twiera

mail com

LT DIRECTORY

L) <etren
Cuimpuler tare
dwsmizankai

Cperating sstom
Wirdoes

swandard D33 v2 {4 wpus, 14 GB

Public 12 address

retwork/subnet
e si-metsdetault
DNS name

Cornfiqure

Network (total)

related Remote Desktop Protocol (RDP) will be downloaded from Azure (Figure 16-5).
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Figure 16-5. Downloading the RDP

After downloading the RDP file, open the virtual machine and check the
environment (Figure 16-6).

Figure 16-6. DSVM environment
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In the DSVM, Visual Studio with R and Python tools has been preinstalled (RTVS
and PTVS). As you can see in Figure 16-7, you can check for recent updates via Visual
Studio [2].

R T )
i B Vee P e e T Tod ST | KTws | Aubir el

3 W Sk B o

B e Prageat  Sabotien.
T Combetin

L

Mew project

Figure 16-7. R and Python tools in Visual Studio 2017

RStudio has been installed in DSVM. You must install all required packages in
RStudio, and all users are able to access these packages (Figure 16-8).

Figure 16-8. RStudio in DSVM
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Case Study

You can run different machine learning scenarios. In this session, a machine learning
scenario on Jupyter Notebook in DSVM will be explained. To access Jupyter Notebook,
click the shortcut in the DSVM desktop. Then, in the Jupyter, write the code and run it
(Figure 16-9). In the example, I've run the code as follows:

library(data.table)
ad <- fread("http://www-bcf.usc.edu/~gareth/ISL/Advertising.csv")

The data set is about the cost of advertising on television and radio and in
newspapers and how much sales are generated.

Figure 16-9. Running R code in Jupyter Notebook

In the next step, we are going to predict sales based on variables such as number of
people impacted by television, radio, and newspapers. Create a model for predicting
the number of sales based on the number of advertisements on television, radio,
and in newspapers, using linear regression. Use the following code to create a model
(Figure 16-10):

linearReg<-1m(sales~TV+radio+newspaper,data=ad)
linearReg
summary(linearReg)
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Figure 16-10. Creating a model in Jupyter Notebook

Next, we must create a function that gets the new data from the user and applies the
linear regression to it. First, we must create a function for that.

newdata<-adv([1:5, ]

library(AzureML)

predictfunction <-function(newdata)
{predict(linearReg,newdata)} [2]

This function predicts the amount of sales, based on the amount of advertisements
on television and radio and in newspapers. The preceding function predicts the new set
of data, based on the created model in the preceding codes. Now, for the next step, we
must get some identification from WorkSpace and AuthenticationID from the Azure ML
Studio environment. To fetch the data, log in to Azure ML Studio, then click Setting, to
get information, such as Workspace ID (Figure 16-11).
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settings

NAME AUTHORIZATION TOKENS USERS  DATA GATEWAYS

WORKSPACE NAME [Leila Etaati-Free-Workspace |
WORKSPACE DESCRIPTION Default workspace.

'WORKSPACE TYPE Free Learn More

WORKSPACE ID ° - - -
WORKSPACE STORAGE N useo AVAILASLE

‘Want more storage? Get the standard version |

P Iy delete this e,

DELETE WORKSPACE

Warning! This action cannot be undone, This
Etaati-Free-Workspace and its contents.

Figure 16-11. Fetching Workspace ID from Azure ML Studio

The other information that we need is the Authentication Token, from Primary
Authorization Token (Figure 16-12).
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Find onpage  publishService No results ¢ > Options 5

ichine Learning Studio

settings

NAME  AUTHORIZATION TOKENS ~ USERS  DATA GATEWAYS

PRIMARY AUTHORIZATION TOKEN e I_I

SECONDARY AUTHORIZATION TOKEN - - * - . -

o Bl

Figure 16-12. Fetch Authentication Key from Azure ML Studio

Copy these keys and put the identification in the following codes. The Workspace
function is an Azure ML function that creates a connection between the R language and
Azure ML Studio.

workspace_id<-"Workspace ID"
Authenticationid<-"Authentication Token"
ws<-workspace(workspace id,Authenticationid)
newdata<-adv[2:5, ]

The next step is to call another function, publishiWebservice, to generate a web
service in Azure ML from the created function.

data.frame(actual=newdata$sales,prediction=predictfunction(newdata))
ep<-publishhWebService(ws=ws,fun=predictfunction,name="SalesPredictionAdvert
isement",inputSchema=newdata)

Run the whole code in the Jupyter environment (Figure 16-13).

283

www.EBooksWorld.ir



CHAPTER 16  DATA SCIENCE VIRTUAL MACHINE AND Al FRAMEWORKS

In [38):

library(data.table)
ad <= fread{"http://www-bcf.usc.edu/~garech/ISL/Advercising.cav")

adve-d z (ad$IV, adfradi radjsales)
colnames (adv)<=-c("TV", "radio"”, "newspaper™, "sales®™)
1i 1m(sales~TViradi d dv)

newdata<-adv([i:5,]
#data, frame {actval=nevdatafsales prediction=predictfunction (nevdata))
librazy (AzureML)

di <~funct )
{: 1 3

workspace id<-"l6ef3cl513cad734558624ca37a2d827"
ide-"1 ZEN1

T EEYNEmLTEL

id ionid)

newdata<-advi2:s, |
data.frame (actual les,predicti

A b daza))

il d ice (we=ws, L

104 1233785

9.3 1230767
17.59783
129 1393867

- s W om
]

converting ‘inputSchema® To data Irame

TRMATUE "

lesP cticnidvertisement”, inputSchema=newdata)

IIn[]=

Figure 16-13. Publish the R ML Code into Azure ML Webservice

After running the code, check the web service in Azure ML Studio, to see the API
created in Azure ML Studio (Figure 16-14).

CREATED ON

Figure 16-14. Web service created in Azure ML
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] salesPredictionAdvertisement 9/14/2018 9:01:15 AM None
() CancerData Clustering [Predictive Exp)  8/29/2018 3:24:24 PM None
[J  Clustering cancer data [Predictive Exp] ~ 8/28/2018 1:26:25 PM None
D Experiment created on 27/08/2018 [Pr... 8/27/2018 12:47:49 PM None
[ cancer Prediction [Predictive Bxp.) 8/27/2018 11:59:32 AM None
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Test the API by clicking the Test button (Figure 16-15).

Figure

salespredictionadvertisement

DASHBOARD  CONFIGURATION

GJTDIDvzz60tBbbI6068FOrIXEG0aX169DFUDSa9YPT1Bmdg

a
@
E |
w
&
o

16-15. Testing the web service in Azure ML Studio

Summary

In this chapter, a brief introduction to DSVM was presented. The process of how to

API HELP PAGE TEST APPS LAST UPDATED
REQUEST/RESPONSE Test PEVIS g0 Bxcel 2013 or later workb 9/14/2018 2:17:05 PM
BATCH EXECUTION Test preview 971 Excel 2013 or later workh  9/14/2018 2:17:05 PM

set up DSVM and how to set the related parameters was explained. In addition, a

brief introduction to what applications have been preinstalled was provided. Finally,

a scenario for machine learning in Jupyter Notebook and then deployed to Azure ML

Studio was presented.
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CHAPTER 17

Deep Learning Tools with
Cognitive Toolkit (CNTK)

Microsoft Cognitive Toolkit (CNTK) is an open source deep learning tool [1]. In this
chapter, an introduction to neural network and deep learning will be provided first. Next,
an introduction to what CNTK is and how it is accessed and installed will be provided.
Finally, a basic case study using CNTK to solve a simple problem will be elaborated.

Neural Network Concepts

What we expect from a computer is to receive outputs that match our needs, based on
our inputs. Scientists attempt to mimic the human brain through intelligent machines.
A machine, of course, does reason the same as a human. The principal element of the
human brain is neurons. Human brains consist of 75 million neurons. Each neuron is
connected to others via a synapse (Figure 17-1). The neural network consists of nodes
that are connected to one another. In the human body, if a neuron is triggered by some
external trigger, such as high temperature, it will pass the message from the receiver
node to other nodes, via synapsis [2].
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Figure 17-1. Neural network synapsis[2]

Neural networks mimic the same concepts as those in the human brain. One
node receives input from the user, then the neural network model creates output that
produces a result similar to that of a computer system. A neural network has

e Asetofinput nodes

e Asetof output nodes

e Some processing between, to achieve a good result
¢ Aflow of information

e A connection between nodes

To better understand the process, imagine that we are at the summit of a mountain
and want to descend from it. The weather is foggy. Under this condition, we able to
see only one meter ahead. As a result, we decide to descend only the one meter that
is visible. We take a first step based on our current location, then we decide which
direction to pursue. We repeat the process until we reach the point where we cannot go
on. If that point is the destination, the process is complete, if not, we must go back and
try other directions. As a result, for each step, we evaluate the way and choose the best
course, until we have descended the mountain.

In a neural network, we undergo the same process. We have input nodes, some
hidden nodes (the means to reach the output), and output nodes. Each hidden node has
an activation function that processes the input or the resulting output from other hidden
nodes (Figure 17-2).
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Input Node Hidden Layer
Output Node

Figure 17-2. A simple neural network

To better understand the concept and how it works, let’s imagine we want to classify
a customer based on whether he or she will shift his or her support to another company.
The problem is illustrated in Figure 17-3. As you can see in the figure, there are two
groups of people (customers). One is represented by blue dots and the other by green
ones. The principal aim is to group people based on one of the colors.

Figure 17-3. Classification using2x+y =2
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Asyou can see in the figure, we can partially isolate (classify) blue and green dots
with a line. .
The relevant equation that has been used is gx +y=2.This equation is not able

to classify the dots completely, so we must try another. The following equation is x = 4.
As you can see in Figure 17-4, the new equation still does not result in a complete or

accurate classification.

Y
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Figure 17-4. Classification attempted with x = 4

Both formulae are not good at classifying the data. However, if we apply the first
function, then the second, we can classify the dots relatively well.
As you can see in Figure 17-5, we achieved a better result than before.
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Figure 17-5. Classifying the data

So, if we want to illustrate this process as a neural network structure, we will have
something similar to what is shown in Figure 17-6.

Figure 17-6. Data Science Virtual Machine (DSVM) environment

The hidden layer (green nodes ) can have different functions that help to classify the
data (Figure 17-7). These are called activation functions.

291

www.EBooksWorld.ir



CHAPTER 17  DEEP LEARNING TOOLS WITH COGNITIVE TOOLKIT (CNTK)

Linear .
Saturated Linear

v

v

Gaussian

Hyperbolic Tangent

Figure 17-7. Activation functions

There are different topologies for neural networks, such as one output (Figure 17-8)
or many outputs.

Figure 17-8. Neural network with one output

A neural network can also have multiple layers and multiple outputs (Figure 17-9).
A neural network with multiple layers reflects what is known as deep learning [2].
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Figure 17-9. Neural network with multiple outputs and multiple hidden layers

There are different types of neural networks, such as feed forward deep neural
networks (DNN) and convolutional neural networks (CNN), among others.

Microsoft Cognitive Service Toolkit

CNTK is an easy-to-use toolkit to solve problems without much anxiety. This toolkit
can handle a large amount of data and is easily extensible. CNTK is a fully open source
product. It allows processing over multiple GPUs (graphics processing units). This
toolkit has been used in many Microsoft products, such as Cognitive Service, Cortana,
Bing search, Skype, Skype Translator, and others. According to many users’ experiences,
CTNK is fast, and using associated Python language APIs is very intuitive.

CNTK Setup

There are different ways to install CNTK [3]. CNTK supports 64-bit Windows and Linux
operating systems. To install CNTK for Python on Windows, you first must open the
command prompt and run as an administrator. In the command prompt, insert the
following code:

pip install cntk

After installing the CNTK, the required packages will be installed, and the CNTK
version will be appear (Figure 17-10).
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B Administrator: Command Prompt 0 w

Microsoft Windows [Version 18.8.17134.285] A
(c) 2018 Microsoft Corporation. All rights reserved.

C:\WINDOWS\system32>pip install entk

Collecting cntk

Using cached https://files.pythonhosted.org/packages/6f/5a/55913a69b88fdf135fe56983bbBA0CcABTOCISRT1788027248225d23df
B/entk-2.6-cp36-cp3bm-win_amd6d.whl

‘Requirement already satisfied: numpy»=1.11 in c:\program files\anaconda3d\lib\site-packages (from cntk)

‘Requirement already satisfied: scipy»=8.17 in c:\program files\anaconda3\lib\site-packages (from cntk)

[installing collected packages: cntk

‘puccessfully installed cntk-2.6

'ou are using pi sion 9.8.1, however version 18.0 is available.

iivou should consider upgrading via the 'python -m pip install --upgrade pip' command.

C:\WINDOWS\system32>,

Figure 17-10. Installing the CNTK

After installation, you can check the CNTK version via the following code:

python -c "import cntk; print(cntk._ version )"

You can access a few examples and tutorials by installing some samples. First, you
must go to the C folder and run the following code:

python -m cntk.sample_installer
Then check the following folder for some samples and tutorials (Figure 17-11):

C:\Windows\System32\CNTK-Samples-2-6

v » ThisPC » LocalDisk (C:) > Windows » System32 > CNTK-Samples-2-6

O Name Date modified Type Size
Quick access
Examples File folder
1 Desktop * v
Manual File folder
v o ;
Downloads PretrainedModels File folder
| Documents Tutorials 2 File folder
© Pictures * € LICENSE.md g MD File
books * | | requirements.txt 25/09/2018 11:46 Text Document

¢ Dropbox (RADAC #

Figure 17-11. CNTK samples

Under the Sample folder, you will find Examples, Manual, and so forth.
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After installing the CNTK, in the Python environment, you will be able to access the
CNTK library, by using the following code in the Python environment:

import cntk

Another way of using CNTK is through the Azure environment. Likewise, CNTK is
preinstalled in DSVM, so you can use it directly. In the next section, I will provide an
example from www.cntk.ai/pythondocs/CNTK_ 101 LogisticRegression.html [4] on
how to work with CNTK for classification.

Case Study

To proceed with our case study, first you must set up the DSVM, as explained in
Chapter 16, then start the virtual machine (Figure 17-12).

Microsoft Azure 2 Search resources, services, and docs

Home * dsvmecntk

' dsvmentk
" Vatual machine

: * ** Connect P Start Q¥ Rest W Stop = Capture [ Delete Q) Refresh
*
- B cueniri o Advisor (1 of 2): Enable virtual machine backup to protect your data from cormuption and accidental deletion =»
- Resource group (change)
Activity lo 7 -
u Bisd adventure
) sl Access control (AM) Status
P Tags Starting
e Location
| K Diagnose and solve probl A

- Subscription {change)
‘s Settings Microsoft Azure Sponsorship

Figure 17-12. Starting the DSVM

Next, open the DSVM, by downloading the RDF file (Figure 17-13), and open the
virtual machine.
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Connect to virtual machine X

RDP  SSH

To connect to your virtual machine via RDP, select an IP address,
optionally change the port number, and download the RDP file.

* |P address

F ~

* Port number

Figure 17-13. DSVM file and activation

After opening the DSVM, open Jupyter Notebook in the taskbar, which will navigate
to a web-based Jupyter Notebook web site (Figure 17-14).

Figure 17-14. Jupyter Notebook in DSVM

In the Jupyter Notebook environment, choose Python [conda env:Anaconda]
(Figure 17-15).
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~ Jupyter Logout
Filks  Ruening  Clsters  Conda

Select items 1o perdorm actions on them Upioad [Now=] =

o - mf [rrey
2 Julla 06.2
O D Contacts ML Server Python »
O © Coskiop MLOT6N »
O © Documents Python 3 Speck - local .
L‘r Python [conda env-Anaconda)
0O O Downloads Python [conda eavpyihond] o
0O O Favorites Python [conda root] P
O O Links Python [defaul] »
O 0 Music e »
O 0 notebooks st »
2 Taxt Fia

O [ Pichures Foidet »
O C PycharmProjects Tanminal »
[ [0 Saved Games 2 days ago
[0 3 Searches 2days ago
0 [ Videos A dapo

Figure 17-15. Jupyter Notebook

In the next step, we are going to run an example from www.cntk.ai/pythondocs/
CNTK 101 LogisticRegression.html [4]. In this example, the aim is to predict whether
a cancer patient is likely to have a benign (blue) or malignant (red) tumor, based on
the age of the patient and the cancer cell size. As a result, we have two inputs and two
outputs for our neural network (Figure 17-16).

Figure 17-16. Neural Network Structure

The first step is to import an appropriate library for showing the result (print_
function), array computation (numpy), and CNTK (cntk), and for the file name and file
paths and directories (sys and os).

from _ future__ import print_function
import numpy as np

import sys

import os
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import cntk as C

import cntk.tests.test utils
cntk.tests.test utils.set device from pytest env() # (only needed for our
build system)

C.cntk py.set fixed random seed(1) # fix the random seed so that LR
examples are repeatable [4]

Now we must get the data. First, we have to identify the number of inputs and
outputs, using the following code:

input_dim = 2
num output classes = 2

Then we create a function to generate some random data. The function gets the
sample size and the number of inputs and outputs (see the following codes related to
www.cntk.ai/pythondocs/CNTK 101 LogisticRegression.html [4]).

np.random.seed(0)

# Helper function to generate a random data sample
def generate random data sample(sample size, feature dim, num_classes):
# Create synthetic data using NumPy.
Y = np.random.randint(size=(sample_size, 1), low=0, high=num_classes)

# Make sure that the data is separable
X = (np.random.randn(sample size, feature dim)+3) = (Y+1)

# Specify the data type to match the input variable used later in the
tutorial

# (default type is double)

X = X.astype(np.float32)

# convert class 0 into the vector "1 0 0",

# class 1 into the vector "0 1 0", ...

class_ind = [Y==class number for class number in range(num classes)]
Y = np.asarray(np.hstack(class _ind), dtype=np.float32)

return X, Y
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Then we call the function, using the following code:

mysamplesize = 32
features, labels = generate random data sample(mysamplesize, input dim,
num_output classes)

You can plot the input data, using the matplotlib library in Python.

import matplotlib.pyplot as plt
Zmatplotlib inline

# let 0 represent malignant/red and 1 represent benign/blue
colors = ['r" if label == 0 else 'b' for label in labels[:,0]]

plt.scatter(features[:,0], features[:,1], c=colors)
plt.xlabel("Age (scaled)")

plt.ylabel("Tumor size (in cm)")

plt.show()

After running the code, you will get a two-dimensional representation of the data
(Figure 17-17).
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Tkemel_names conda-ene-Anacanda-n O = & |5 Home 2 Untithed2 *
— Jupyter Untitled2 Last Checkpoint: aminute ago (unsaved changes) A Lot
Fle Edit View Inset Coll Kemel Widgats  Help Trusted | # | Python [conda env.Anaconda] O

B |+ & @ B 4+ + HRun B C W | Code Vv o=

8_munber for class_nurber im range (num_classes)]
¥ = np.asacray(np.hstack(class_ind), dtype=np.fleatil)
raturn X, ¥

In [4]: mysasplesize = 12
features, labels = generate random _data_sample [mysamplesize, imput_dim, num output_classes)

In [5]: import matplotlib.pyplot as plt
dmatplotlib inline
# let 0 represent mal Jrad and 1 repressnt benign/blus
colers = ['c' if label else 'b' for label in labels(:,0]]
ple.acaccer (features[:, )], features([:,1], c=colora)
plt.xlabel (“Rge (scaled)”)
ple.ylabel ("Tumor size (in =m=)®)
ple.show(}
L] -
L]
T
E * B
= .
5* B .
£ 2 . .
3 . g
.
2;‘ . . 3 .
s . ve, &
.~
2 4
i .
o 2 4 & L} »
Age tscaed)

Figure 17-17. The actual data represented

The next step is to create a neural network model. To create the model, first we must
identify the input variable and assign it to the feature variable, specifying the data type.

feature = C.input_variable(input_dim, np.float32)

The next step is to set up the network. We are going to use logistic regression as an
activation (formula) to classify the data (Figures 17-5 and 17-4). To do that, we must
define a function that identifies the layers of the neural network structure. As was shown
in Figure 17-4 and the discussion related to it, we require an equation for classifying the
data.

The formal parameters can be as follows:
z=Zwi*Xi+b=w.x+b
i=1
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or
Z=W+X+b

The equation used is the same as was illustrated in Figure 17-3: 2x+y=2.
mydict = {}

def linear layer(input var, output dim):
input_dim = input_var.shape[0]
weight param = C.parameter(shape=(input_dim, output dim))
bias param = C.parameter(shape=(output dim))
mydict['w'], mydict['b'] = weight param, bias param
return C.times(input var, weight param) + bias param

So, the output would be as follows:

output_dim = num_output classes
z = linear layer(feature, output dim)

The next step after creating the network structure is to train the data, based on the
data behavior and the probabilities, so as to be as close as possible to the observed data.
There is a concept named Entropy [5] to train the data, an example of which follows:

label = C.input variable(num output classes, np.float32)
loss = C.cross_entropy with softmax(z, label)

After creating the model, we must evaluate it via the following code:
eval error = C.classification error(z, label)

For additional examples, check the relevant samples and resources from the
Microsoft web site.

Summary

The aim of this chapter was to introduce neural networks and associated deep learning
concepts. How to set up CNTK and how to run it in a DSVM was then discussed. Some
elaboration of concepts related to neural networks, their structure, and so forth, was
provided. Next, how to set up CNTK in Windows for the Python language was covered.
Finally, a very brief explanation on how to use the CNTK library for prediction was given.
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CHAPTER 18

Cognitive Services Toolkit

Microsoft Cognitive Services are collections of APIs and services that help developers
create smarter applications and reports. By using Cognitive Services, developers can add
such intelligent features as face recognition, emotion recognition, text analytics, and so
forth, to their applications. This chapter first presents an overview of Cognitive Services
and then explains how to use them for text analytics in Power BI Report. Finally, how to
use Cognitive Services in a Windows application is explored briefly.

Overview of Cognitive Services

There are different Cognitive Services that you can use by receiving a web service
URL and a key. To check out the available services, you must navigate to the Cognitive
Services web site [1]. As you can see in Figure 18-1, there are five main categories for
solving business problems: Vision, Knowledge, Language, Speech, and Search.
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H& Microsoft Azure

Cocumentation

Use Al to solve business problems

Vision Speech

@ Image-processing algorithms to smartly identify. caption and moderate @ Convert spoken audic into text, use voice for verification. or add speaker
your pictures recognition o your app.

o Knowledge Search

O Map complex information and data in order to solve tasks such as 4 Add Bing Search APls to your apps and harness the ability to comb
intelligent recommendations and semantic search. billions of webpages, images, videos, and news with a single AP1 call
Language

99 Allow your apps to process natural language with pre-built scripts,

evaluate sentiment and learn how to recognize what users want.

Figure 18-1. Main Cognitive Services categories
Asyou can see in Figure 18-2, there are five different APIs for business language
problems. Text Analytics is one of the most popular features for language detection,

identifying main keywords in text, topic extraction, and checking how much text is

positive or negative in context (sentiment analysis).
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m Microsoft Azure

Vision Speech Knowledge Search

Learn about language services that ensure apps and services can understand the meaning of unstructured taxt or
recognize the intent behind & speaker's utterances. Try any service free—and quickly build Language-enabled apps and
services with the following capabilities.

_— Text Analytics 3 Translator Text
— ax= ’
Try for free | Learn more ry for free | Learn morg
Named Entity Recognition | Dema Automatic language detection
Key phrase extraction | Dema Automated text translation
Text santiment analysis | Demo Customizable translation
\/ Bing Spell Check @ Content Moderator
Try for free | Learn more Try for free | Learn more
Web-scale, multi-ingual spell checking | Demao Explicit or offensive content moderation for images and videos
Contextual spell checking Custom image and text lists to block or allow matching content
Tools for including feedback from human moderators
{ } Language Understanding

Try for free | Learn more

Contextual language understanding | Demo

Figure 18-2. Language category in Cognitive Services

The other services in the Language category are about translating a text, identifying
the primary intent, and objectives in conversations and texts.

These features can be combined. For example, it is possible to integrate the
Language Understanding service with the Speech service, for instant speech-to-intent
processing, and, with a Bot application (Chapter 19), to develop a more sophisticated
application.

In this chapter, you will see how you can perform text analytics for the purpose of
detecting main keywords in customer feedback, how much of the feedback is positive,
detecting the language in Power BI, by using Text Analytics services.

First, we must set up the environment in which to use Cognitive Services. To use
Cognitive Services, you can sign up for a free trial. The trial services are free for seven
days and do not require a credit card. The other way to access Cognitive Services is to
use a free Azure account for a month, which provides a $280 credit on Azure, and all data
and customization will be saved. The final approach is to use an existing Azure account
(Figure 18-3).
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Try Cognitive Services for free

7-day trial $0/month Already have an Azure
?
Evaluate Cognitive Services for free Try with an Azure free account account?
En
* Mo credit card required + Get $280 in credits on Azure * Full SLA report
= Mo data saved after trial « Free access that never expires « Enterprise grade performance
+ Data and customizations saved * Full Azure product integration

- Scale up seamlessly as needed

Figure 18-3. Different Cognitive Services accounts

To set up Cognitive Services in Azure, you must log in to your Azure account and
search for the services you want. After logging in to the Azure portal, you must create a
Text Analytics service. To create a Text Analytics service, you must create a new service
in Azure, by clicking the top left of the page. In the New page, the main service categories
will be shown (Figure 18-4). Al + Machine Learning is one of the main services in Azure.
Click it to see the available options. As you can see in Figure 18-4, Computer Vision, Face
(recognition), Text Analytics, Language Understanding, Translator Speech, Bing Search,
and Azure Search are among the main topics under AI + Machine Learning.

308

www.EBooksWorld.ir



Azure Marketplace Seea

Get started
Recently created
Compute
MNetworking

Storage

CHAPTER 18
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Machine Leaming Experimentation
(preview)
CQuicistart tutoria

Data Scienze Virtual Machine -
Windows 2016
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Web App Bot
e Cuicistart tutorial
Mobile
Computer Vision
Cuicistart tutoriy
— R
Quickstart tudorial
Text Analytics
Cuickstart tutoria
Language Understanding
Cuickstart tutorial
Translator Speech
Culcistart tutorls
Bing Search v7
Cuicestart tutoriy
Azure Search

Containers

Databases

Analytics

A1+ Macpine Learning (@)
Internet of Things

Integration

Security

Identity

Developer tools
Management Tools
Software 35 3 service (S335)

Blockchain

Figure 18-4. Different Cognitive Services features

Text Analytics Services

Not all collected data is about numbers and structured data. To gain a more holistic
perspective about a customer, products, and so forth, collecting and analyzing the
text can be used, to enhance company performance. Text Analytics is the process of
converting unstructured text data into meaningful data, to understand customer needs
and feedback [2].

In this section, a case study will be presented that explains the process of using the
Text Analytics API in Power BI and is applied to customer feedback.
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The first step is to set up a Text Analytics service in the Azure portal (Figure 18-5).

Use a few lings of code to easily anaiyze sentiment, extract key pheases, and detect language far any
king f text.

Sentiment analysis

Find owt what wsers think about your products or services. You can scare the cvevall sentiment of
text.

Key phrase extraction
Automatically extract key phrases from text to quickly identify the msin points.
Language detection

Determine what language a piece of tet is written in-from 120 supported languages.

7 Save for later

PUBLISHER Microsaft

More about Text Analytics AP
Documentation

Code samples

AP| reference

Pricing

Regional availability

USEFUL LINKS

Figure 18-5. Setting Up Text Analytics in the Azure portal

There are different pricing tiers for this service. The first is a free tier that allows users
to apply the Text Analytics service on 5K rows of data a month (Figure 18-6).
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* Mame

| bosktexteaslyis

* Subscription
Micracalt Anse $ponsorship
* Location

Butraks Esst

All Auallable Pricing
FO (5% Tepmpactions per 30 days)
505K Transactions per 30 days)
51 000K Trangactions per 30 days)
52 (300K Trarsactions per 30 days)
53 (2:5M Transactions per 30 days)
54 (10M Trangactions pes 30 days)

H ¢ 8 ¥

b 0 o

0 e

Figure 18-6. Pricing tiers for Text Analytics

After creating the Text Analytics service, we get the API URL and key access from the
created service. Figure 18-7 shows how to access the URL and the access key in the Text
Analytics service.

| 3 » 0 Coteen
® Currien
W aawyieg @
ol Bocess eamel JAMY Actha
taciien |
n Australa Exnt f.com ey 2
# Tage ) J

K Cuagnase sns v pratinms

Rioumcs MaRASIANT
Mosisaring
g il

Tetad Transaction: Teotal Calls ared Total
o e tians Latency el € =
2 ey

@ Biing By Subserption

H Praparties

USRI - TROUBIHOTRNG

Figure 18-7. Accessing the URL and key
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After creating the service from the Azure portal, we must call it inside the Power BI
Desktop and apply it on the available data there.

Data Set

Fabrikam is a mock production company. It has received e-mails from customers
regarding shipping, tech support, and other concerns. The business intelligence (BI)
manager wants to perform some analytics on the e-mail the company is receiving
from customers, to better understand the main points of customers’ e-mails and to
determine whether they are satisfied with the company’s services. You can download
the data set from https://github.com/Kaiqb/KaiqbRepo0731190208/blob/master/
CognitiveServices/TextAnalytics/FabrikamComments.csv [3].

The first step is to open Power BI Desktop and load the data set, as a Text/CSV file,
into Power BI (Figure 18-8).

al | | %5 ¢ = | Untitled - Power Bl Desktop
“ Home View Modeling Help
LT : |
cops [ | 1&o =4
Paste Get | Recent Enter Edit
Format Painter  |Data~ |Sources~ Data  Queries

Most Common External data

IE';g Excel

2 Power Bl datasets
I

I:‘ SQL Server

[ 1 Analysis Services

L Text/csv
(&

Text/CSV

Impart data from a test or CSV file.

T . ODatafeed
— O
|—_'l Blank Query

-

Maore...

Figure 18-8. Getting a CSV file from Power BI

Then, instead of loading the data, click the Edit option to navigate to the Power
Query environment for data transformation (Figure 18-9). As you can see in Figure 18-9,
an overview of the data set is shown. There are about 20 rows of data about customer
e-mails, names and IDs, e-mail subjects, and comments.
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Figure 18-9. Editing data in Power Query

First, we are going to combine the Subject and Comment columns in Power Query,
using Merge Columns under the Add Column tab. The general procedure is shown in
Figure 18-10.
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Figure 18-10. Merging Subject and Comment columns

After creating a new column, we must rename it to Customer Feedback.
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Create a Text Analytics Function

It is possible to create a function in Power Query that applies Text Analytics to a specific
column in Power Query. To create a function, we must click the whitespace in a query,
at the left side of the main page, and choose the Blank Query option (Figure 18-11).
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Figure 18-11. Creating a blank query

Rename the created query Sentiment Analytics. The next step is to convert the blank
query to a function. To do that, we must access the M Query behind the created query, by
clicking on the Home tab, then Advanced Editor (Figure 18-12). Here there is an editor
that we are going to use to write some M scripts and change the query to a function.
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M Cuery for Sentiment Analyics

Figure 18-12. Power BI Query Editor

The next step is to add the following code:

(text) => let
apikey
endpoint

jsontext
jsonbody

bytesbody
headers
bytesresp
jsonresp
sentiment
in sentiment

"<API Key>",

"https://<Location of Your Azure>.api.cognitive.
microsoft.com/text/analytics/v2.0/sentiment"”,
Text.FromBinary(Json.FromValue(Text.Start(Text.
Trim(text), 5000))),

"{ documents: [ { language: ""en"", id: ""0"", text: " &
jsontext & " } ] }",

Text.ToBinary(jsonbody),

[#"0cp-Apim-Subscription-Key" = apikey],
Web.Contents(endpoint, [Headers=headers, Content=bytesbody]),
Json.Document (bytesresp),

jsonresp[documents]{0}[score]

As you can see in the preceding code, the first line is about the function input which

is text. In line 2, the API key collected from Azure Service must be pasted here. In line 3,

the required URL for connecting to the API must be provided. As you can see at the end

of the URL, the service that we are going to use from Cognitive Services is shown. In this
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example, we are using sentiment analysis. Lines 4 to 11 indicate the required code for
connecting to Cognitive Services and getting the result in JSON format. The last line is
the result column that shows the sentiment score for each comment.

Now, replace the preceding code with the previous one and click OK. The blank
query will change to a function type, and a page with a text box will appear. You can
test it by writing a sentence, such as “the weather is so nice today,” and click the Invoke
button, to see the result.

Asyou can see in Figure 18-13, the result of sentiment analysis is 0.92.

L] H= !
Home Translorm Add Calumn View Help
{ [+]=] 2 s Tigonometry =
CT‘ Bm 10 2 Rounding =
ot 9
To Standard Scientific
Table~ . « [ intormation =

Convert Transform

= #"Snetiment Ar

Figure 18-13. Text Analytics function test in Power Query

The output of the sentiment analysis is a number from 0 to 1. A number closer to 1
means that the comment is positive, one closer to 0 means the feedback is negative.

For a final step, we can apply the function to the customer feedback (Comments)
column. Click the Fabrikam data set, the Add Column tab, and then Invoke Custom
Function. On a new page, choose an appropriate name for the new column, then choose
the function in the drop-down. From the last drop-down item, choose the column you
want to apply the function to (Figure 18-14).
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Figure 18-14. Invoke a custom function for sentiment analysis

A new column will be shown at the end of the data set overview that shows the numeric
result for sentiment analysis. As you can see in Figure 18-15, the number varies from 0 to 1.
You can click the Home tab and Close and Apply to see the result in Power BI Desktop.
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Figure 18-15. Sentiment analysis result in Power BI Desktop
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The process of using the other features, such as language detection and key phrase
extraction, is the same. Only the URL end point will change slightly. For language
detection, the end point URL will change as follows:

endpoint = "https://<Location of Your Azure>.api.cognitive.
microsoft.com/text/analytics/v2.0/languages”,

For key phrase extraction, the end point URL would be

endpoint = "https://<Location of You Azure>.api.cognitive.microsoft.com/
text/analytics/v2.0/keyPhrases”

In addition, the last line of code will change to show a different variable. For
language detection, this would be as follows:

language = jsonresp[documents]{0}[detectedLanguages]{0}[name]
in language

For the key phrase, it would be as follows:

keyphrases = Text.Lower(Text.Combine(jsonresp[documents]{0}
[keyPhrases], ", "))
in keyphrases

The preceding example was about using Cognitive Services in Power BI. In the
next section, I will show you how to use the Face (that is, face recognition) service in a
Windows application.

Intelligence Application, Face Recognition Services

Another feature in Cognitive Services is the Face (facial recognition) API. This API
performs face detection from an image, in addition to emotion detection and finding
similar facial features of faces from two images.

It is possible to try the Face API before using it in an application. To see a demo,
navigate to the Cognitive Services web site, then to the Vision category (Figure 18-16).
Under the Vision category, click the Emotion recognition in images demo. To test the
API], browse to a picture and then submit it. After uploading the image, click the Submit
button.

318

www.EBookswWorld.ir



CHAPTER 18  COGNITIVE SERVICES TOOLKIT

° Speech Language Knowledge Search

Learn how Vision makes it possible for apps and services to accurately identify and analyze content within images and

videos, Try any service free—and quickly build computer vision-enabled apps and services with the following
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@ Computer Vision E] Face
ry fer free | Learn more Try for free | Learn mare
Image classification Face detection in images | Demo
Scene and activity recognition in images | Demo Person Identification in images
Celebrity and landmark recognition in images | Demo Emotion recognition in images | Demo
Optical character recognition (OCR) in images | Demo Similar face recognition and grouping in images |Deme

Figure 18-16. Cognitive Service Face Recognition

Asyou can see in Figure 18-17, after uploading the image, the API shows the emotion,
such as anger, contempt, disgust, fear, happiness, neutral, sadness, and surprise,
indicated by a number between 0 to 1. As you can see in Figure 18-17, the only measure
that has a higher number is for happiness, and the person in the picture is smiling.

See itin action

—e
Denection resul:
8 Yazes devecred

56

Figure 18-17. Image emotion detection demo

We are going to create a Windows application that is able to detect the image using
the Face API in Cognitive Services.

The process of creating the Face API is like that for Text Analytics. First, we must
log in to the Azure portal, then search for the Face API under Al + Machine Learning
(Figure 18-18).
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Figure 18-18. Face recognition feature in Azure
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After creating the service, click the Key tab at the left side of the page and grab the

key (Figure 18-19).
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Figure 18-19. Collecting the Face API key

We are going to create a Windows application that employs face recognition [4].

To write the code, you must first download one of the free versions of Visual Studio 2015

or 2017 [5]. Then you must create a Windows application (Figure 18-20). For this case

study, I am using Visual Studio 2015.
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Figure 18-20. Create a Windows Application

The next step is to install the Microsoft Azure Cognitive Service Face APIin a
Windows application. To install it, we must navigate to the Tools tab, then navigate to
NuGet Package Manager, and choose the Package Manager Console. Next, we must type
in the following code in the console editor (Figure 18-21).

Install-Package Microsoft.Azure.CognitiveServices.Vision.Face -Version
2.0.0-preview
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Figure 18-21. Installing the Face API in Windows

Then we must create the interface for the application. We have to add a button to the
screen. To do that, we change the code. Right-click the MainWindow.xaml page, choose
View Designer, and change the code to the following (Figure 18-22):

322

www.EBooksWorld.ir



CHAPTER 18  COGNITIVE SERVICES TOOLKIT

9§ ptagpistont - Mot Vieusl ks Ta #

B Wew Pmec Bl Debug Tue Owgn Femat Tesh  Anhistan Tt Alesh  Anbhae ke Hele

°- Q-CRPF| D7 | Dby - Al A L sh'e ¥

N e —

R B-ECFB O S -

pplaatend (1 préect

()

Wim b omm 8 v
GOmgr 1 pusa e
S edon o] == mnow
SLITUSBAFTTENY +
<TextBlock Name="faceDescriptionStatusBar™ /> .
<fStatusBarltes:
<f5tatusBar>
</DockPanely
1 </Grid>
18 </Window>

mu -

e

Figure 18-22. Changing the code

<Window x:Class="FaceTutorial.MainWindow" xmlns="http://schemas.microsoft.
com/winfx/2006/xaml/presentation” xmlns:x="http://schemas.microsoft.
com/winfx/2006/xaml" Title="MainWindow" Height="700" Width="960">

<Grid x:Name="BackPanel"> <Image x:Name="FacePhoto" Stretch="Uniform"
Margin="0,0,0,50" MouseMove="FacePhoto MouseMove" /> <DockPanel DockPanel.
Dock="Bottom"> <Button x:Name="BrowseButton" Width="72" Height="20"
VerticalAlignment="Bottom" HorizontalAlignment="Left" Content="Browse..."
Click="BrowseButton Click" /> <StatusBar VerticalAlignment="Bottom">
<StatusBarItem> <TextBlock Name="faceDescriptionStatusBar" />
</StatusBarItem> </StatusBar> </DockPanel> </Grid> </Window>

After changing the code, the visualization will change. We must change the C# code
to access the Face API. First, a reference to Azure Cognitive Services for FACE API has to
be added.

using Microsoft.Azure.CognitiveServices.Vision.Face;
using Microsoft.Azure.CognitiveServices.Vision.Face.Models;
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To change the code, click MainWindows.xaml.cs, then add the preceding code to the
reference part (Figure 18-23).

ten. Threading. Tasks;
ten. Windows;
tem.Windows.Controls;

Tision Face;
rvices.Vision.Face.Models; °

public Mainkindow()

Initializecomponent();

Figure 18-23. Add Libraray for Face Recognition

We must now change the code, as follows:

namespace FaceTutorial

{

public partial class MainWindow : Window
{
private const string subscriptionKey = "<SubscriptionKey>";
private const string baseUri =
"https://<Local>.api.cognitive.microsoft.com/face/v1.0";
private readonly IFaceClient faceClient = new FaceClient(
new ApiKeyServiceClientCredentials(subscriptionKey),
new System.Net.Http.DelegatingHandler[] { });
IList<DetectedFace> facelist; // The list of detected faces.
String[] faceDescriptions; // The list of descriptions for the
detected faces.
double resizeFactor; // The resize factor for the
displayed image.
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public MainWindow()

{
InitializeComponent();
if (Uri.IsWellFormedUriString(baseUri, UriKind.Absolute))
{
faceClient.BaseUri = new Uri(baseUri);
}
else
{
MessageBox. Show(baseUri,
"Invalid URI", MessageBoxButton.OK, MessageBoxImage.
Error);
Environment.Exit(0);
}
}

// Displays the image and calls UploadAndDetectFaces.
private async void BrowseButton Click(object sender, RoutedEventArgs e)
{

// Get the image file to scan from the user.

var openDlg = new Microsoft.Win32.0penFileDialog();

openDlg.Filter = "JPEG Image(x.jpg)|*.jpg";

bool? result = openDlg.ShowDialog(this);

// Return if canceled.

if (!'(bool)result)

{

return;

}

// Display the image file.

string filePath = openDlg.FileName;

Uri fileUri = new Uri(filePath);

BitmapImage bitmapSource = new BitmapImage();

bitmapSource.BeginInit();

bitmapSource.CacheOption = BitmapCacheOption.None;

bitmapSource.UriSource = fileUri;
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bitmapSource.EndInit();
FacePhoto.Source = bitmapSource;
}
// Displays the face description when the mouse is over a face
rectangle.
private void FacePhoto MouseMove(object sender, MouseEventArgs e)

{
}

We must now change the subscription key and the location of the API. To detect and
upload the image, we write a function, as follows:

private async Task<IList<DetectedFace>> UploadAndDetectFaces(string
imageFilePath)

{
// The list of Face attributes to return.

IList<FaceAttributeType> faceAttributes =
new FaceAttributeType]]

{
FaceAttributeType.Gender, FaceAttributeType.Age,
FaceAttributeType.Smile, FaceAttributeType.Emotion,
FaceAttributeType.Glasses, FaceAttributeType.Hair
b5
// Call the Face API.
try
{

using (Stream imageFileStream = File.OpenRead(imageFilePath))
{
// The second argument specifies to return the faceld, while
// the third argument specifies not to return face landmarks.
IList<DetectedFace> facelist =
await faceClient.Face.DetectWithStreamAsync(
imageFileStream, true, false, faceAttributes);
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return facelist;

}
// Catch and display Face API errors.

catch (APIErrorException f)
{
MessageBox. Show(f.Message);
return new List<DetectedFace>();
}
// Catch and display all other errors.
catch (Exception e)
{
MessageBox.Show(e.Message, "Error");
return new List<DetectedFace>();

We can draw a rectangle around the face of each person in the picture. In the

BrowseButton function, write the following code:

Title = "Detecting...";
facelist = await UploadAndDetectFaces(filePath);
Title = String.Format(

"Detection Finished. {0} face(s) detected", facelist.Count);

if (facelList.Count > 0)

{

// Prepare to draw rectangles around the faces.
DrawingVisual visual = new DrawingVisual();
DrawingContext drawingContext = visual.RenderOpen();
drawingContext.DrawImage(bitmapSource,
new Rect(0, 0, bitmapSource.Width, bitmapSource.Height));
double dpi = bitmapSource.DpiX;
resizeFactor = (dpi > 0) ? 96 / dpi : 1;
faceDescriptions = new String[facelist.Count];
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for (int i = 0; i < facelist.Count; ++i)

{
DetectedFace face = facelist[i];
// Draw a rectangle on the face.
drawingContext.DrawRectangle(
Brushes.Transparent,
new Pen(Brushes.Red, 2),
new Rect(
face.FaceRectangle.lLeft * resizeFactor,
face.FaceRectangle.Top * resizeFactor,
face.FaceRectangle.Width % resizeFactor,
face.FaceRectangle.Height * resizeFactor
)
)
// Store the face description.
faceDescriptions[i] = FaceDescription(face);
}

drawingContext.Close();
// Display the image with the rectangle around the face.
RenderTargetBitmap faceWithRectBitmap = new RenderTargetBitmap(
(int)(bitmapSource.PixelWidth * resizeFactor),
(int)(bitmapSource.PixelHeight * resizeFactor),
96,
96,
PixelFormats.Pbgra32);
faceWithRectBitmap.Render(visual);
FacePhoto.Source = faceWithRectBitmap;
// Set the status bar text.
faceDescriptionStatusBar.Text =
"Place the mouse pointer over a face to see the face description.”;

The description of the face must be shown at the bottom of the image. By using the
following function, you can show the face description, such as by different emotions, at

the bottom of the page.
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private string FaceDescription(DetectedFace face)

{

StringBuilder sb = new StringBuilder();
sb.Append("Face: ");
// Add the gender, age, and smile.
sb.Append(face.FaceAttributes.Gender);
sb.Append(", ");
sb.Append(face.FaceAttributes.Age);
sb.Append(", ");
sb.Append(String.Format("smile {0:F1}%, ", face.FaceAttributes.Smile * 100));
// Add the emotions. Display all emotions over 10%.
sb.Append("Emotion: ");
Emotion emotionScores = face.FaceAttributes.Emotion;
if (emotionScores.Anger >= 0.1f)
sb.Append(String.Format("anger {0:F1}%, ", emotionScores.Anger x 100));
if (emotionScores.Contempt >= 0.1f)
sb.Append(String.Format("contempt {0:F1}%, ", emotionScores.
Contempt = 100));
if (emotionScores.Disgust >= 0.1f)
sb.Append(String.Format("disgust {0:F1}%, ", emotionScores.Disgust s 100));
if (emotionScores.Fear >= 0.1f)
sb.Append(String.Format("fear {0:F1}%, ", emotionScores.Fear * 100));
if (emotionScores.Happiness >= 0.1f)
sb.Append(String.Format("happiness {0:F1}%, "
Happiness x 100));
if (emotionScores.Neutral >= 0.1f)
sb.Append(String.Format("neutral {0:F1}%, ", emotionScores.Neutral x 100));
if (emotionScores.Sadness >= 0.1f)
sb.Append(String.Format("sadness {0:F1}%, ", emotionScores.Sadness * 100));

, emotionScores.

if (emotionScores.Surprise »>= 0.1f)
sb.Append(String.Format("surprise {0:F1}%,
Surprise x 100));

// Add glasses.

sb.Append(face.FaceAttributes.Glasses);

sb.Append(", ");

, emotionScores.
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// Add hair.

sb.Append("Hair: ");

// Display baldness confidence if over 1%.

if (face.FaceAttributes.Hair.Bald »= 0.01f)
sb.Append(String.Format("bald {0:F1}% ", face.FaceAttributes.Hair.
Bald * 100));

// Display all hair color attributes over 10%.

IList<HairColor> hairColors = face.FaceAttributes.Hair.HairColor;

foreach (HairColor hairColor in hairColors)

{
if (hairColor.Confidence »>= 0.1f)
{
sb.Append(hairColor.Color.ToString());
sb.Append(String.Format(" {0:F1}% ", hairColor.Confidence * 100));
}
}

// Return the built string.
return sb.ToString();

The last code is about showing the description of the face when hovering a mouse

over the picture.

private void FacePhoto MouseMove(object sender, MouseEventArgs e)

{
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// If the REST call has not completed, return.
if (facelist == null)
return;
// Find the mouse position relative to the image.
Point mouseXY = e.GetPosition(FacePhoto);
ImageSource imageSource = FacePhoto.Source;
BitmapSource bitmapSource = (BitmapSource)imageSource;
// Scale adjustment between the actual size and displayed size.
var scale = FacePhoto.ActualWidth / (bitmapSource.PixelWidth /
resizeFactor);
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// Check if this mouse position is over a face rectangle.
bool mouseOverFace = false;
for (int i = 0; i < facelist.Count; ++i)
{
FaceRectangle fr = facelist[i].FaceRectangle;
double left = fr.Left = scale;
double top = fr.Top * scale;
double width = fr.Width = scale;
double height = fr.Height * scale;
// Display the face description if the mouse is over this face
rectangle.
if (mouseXY.X >= left && mouseXY.X <= left + width &&
mouseXY.Y >= top && mouseXY.Y <= top + height)

faceDescriptionStatusBar.Text = faceDescriptions[i];
mouseOverFace = true;
break;

}

// String to display when the mouse is not over a face rectangle.
if (!mouseOverFace)
faceDescriptionStatusBar.Text =
"Place the mouse pointer over a face to see the face description.”;

If you ensure that all libraries and reference work are in order, you will gain proper
access to the Azure Cognitive Service Library inside the .NET application.

Now you must run the code, by clicking the Start button, then click the Browse
button and import a picture, to see the description of the image at the bottom of the
page (Figure 18-24). As you can see, the software provides a description, such as my age,
emotion, hair color, and so forth.
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B Detection Finished. 1 facels) detected F [m] *®

Ec-'TJ!EE?;'l

Figure 18-24. Face emotion detection

Summary

This chapter presented a brief introduction to the easy-to-use Al tools available in
Microsoft Cognitive Services. A brief description of Cognitive Services and how they can

be accessed was provided. Then how to use Cognitive Services Text Analytics API in some
other Microsoft tools, such as Power BI, was explained. Next, the process of using Cognitive
APIs in a Windows application was discussed, and all related codes were shown. In the
next chapter, Bot Framework, another tool for creating smart applications, will be explored.
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CHAPTER 19

Bot Framework

A bot is an application that is able to interact with users conversationally [1]. It can

be a very simple application that supports dialog and basic questions, or it can be
sophisticated, capable of understanding language. In Microsoft Azure, it is possible

to create a bot in C# or Node.js. You can create a bot using .NET SDK [2] and test it

via such tools as Emulator [3]. In addition, some bot components help you to add

more features [4]. In this chapter, a very simple bot using an Azure component will be
presented. First, how to create a bot service in Azure will be shown, then how to create a

simple bot for questions and answers will be presented, as well as a more complex one.

Bot Creation in Azure

Log in to your Azure account and create a new service name: Web App Bot (Figure 19-1).

On creating a new Bot service, you must provide some information, such as a bot
name, subscription, resource group, location, and so forth. One of the main fields that
you have to choose at the start is Bot template. The default option is Basic (C#). In our
scenario, we are going to change the default option to Form, which helps us to create a
bot application to guide end users.
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Microsoft Azure

£ Search resources, services. and docs
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= Recently created Quickstart tutorial
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: Software as a service (SaaS)
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hitps/fportalazure com/ %

Figure 19-1. Web App Bot service in Azure

As you can see in Figure 19-2, the Form option should be selected.

336

www.EBooksWorld.ir



Microsoft Azure

Home > New > Web App Bot > Bot template

CHAPTER 19

£ Search resources, services, and docs

BOT FRAMEWORK

-+ Web App Bot X Bot template X
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) 51 (1K Premium Msgs/Unit) W c# Nodejs
@ * App name @
= | webappbotbook B v i Basic Form °
e
azurewebsites.net
- c# c#
8 * Bot template
iy Basic (C#) o > A bot with a single dialog that echoes A bot that shows how to collect input
& back the user input. from a user using a guided
conversation using FormFlow.
[.‘.i * App service plan/Location 3
P productxrmncxj3xt2vehostingpl...
= * Azure Storage @
(®) creste New () select Existing Language understanding Question and Answer
c c=
4 webappbotbookaed3 v
o B A bot that shows how to handle A bot that distills information into
& Application Insights @ on natural language using the Cognitive c ional, easy-to-navig
Services LUIS APL. answers.
e [ _off |
[ ] * Application Insights Location @
o East Us ° -
@ ) Proactive
[ Microsoft App ID and password @ 5
Auto create App ID and passw... c#
A bot that shows how to use Azure
Eiinetinne ta trimnar swante in Arira 34

Automation options

Erm 0

Figure 19-2. Bot Framework for questions and answers

After completing the bot application, the resulting services have three main
categories: Bot Management, App Service Setting, and Support and Troubleshooting.
First, check the output of the created bot. Go to Bot Management » Test in Web Chat.

To see the default result of Bot Framework, click Test in Web Chat and write Hi.
The result will be shown as “Welcome to the simple sandwich order bot!” Then list the

sandwich option (Figure 19-3).
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Microsoft Azure B Search resources, services. and docs

Home » webappbotbook - Test in Web Chat

i webappbotbook - Test in Web Chat X
. Wes App Bot
' € Test O start over
Overview m
B activity log ;
& Welcame to the simple sandwich order bot!
o Access control (LAM)
& Taos webappbotbeok
Please select a sandwich
Bot management
B euild BLT o
B Testinweb chat o Black Forest Ham
il Analytics .
) Buffalo Chicken
Channels
Chicken And Bacon Ranch Melt
& Settings
B speech priming Cold Cut Combo
(' Bot Service pricing Meatball Marinara
App Service Settings Oven Roasted Chicken

i= Application Settings Piad Baal

& all App service settings
Rotisserie Style Chicken

Suppert + troubleshooting
Spicy Italian
s Mew support request

Steak And Cheese

Al] Type your message..

Figure 19-3. Bot Framework test

Under the Bot management section, the first option is Build, which provides all the
source code for creating a bot framework. The first option is Open Online Code Editor.
Using this option, developers are able to see code in the online code editor.

As you can see in Figure 19-4, under Online code editor, the code behind the bot is
shown.
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Microsoft Azure £ Search resources. services, and docs

Home * webappbotbook - Build
%0 webappbotbook - Build
Web App Bot
“
Choose how to work with your code

Cverview

B Acivitylog Online eade editar 0'

saa Access contral (IAM) Make quick changes to yourjbot code online, run build.cmd in the editor console, and see your changes instantly.

& T Open anline code editor o

Bot management

Download source code @

B2 Build
= o Download your scurce code and develop locally using your favorite IDE. You can publish your code back 1o the bot when ready.

8 Testin Web Chat Download zip file

ilil Analytics
Channels Continuous deployment from source control @
£ settings Step 1: Download zip file
\! Speech priming Step 2: Create a folder/repo for the source files in your preferred service
(0 Bot Service pricing Step 3: Configure continuous deployment
App Service Settings

i= Application Settings
&5 All App service settings

Support + troubleshcoting

2 Mew support reguest

Figure 19-4. Build section of Bot Framework

To see the code, click Open online code editor. The code for the Web App bot
framework will be shown (Figure 19-5). As you can see in Figure 19-5, under the Model
folder, in the Sandwiches file, the list of the dialog that users may ask is shown.

In addition in Figure 19-5, each of the questions and possibilities has been
represented following an enumeration data structure. Each enumeration defines
different questions that may occur in a dialog with end users. You can change online the
questions and types of offerings in code. For example, you can change the Sandwiches
option to Chicken, Ham, Lamb, Pork, or Veggie.
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wiaetasti | 8 @

Sandwich.es Moce saveer [0 x
using Microsoft.Bot.Builder.Dialogs;
i using Microsoft.Bot.Builder.ForaFlow;

EXPLORE

4 WORKING FILES

4 WWWROOT

> s
» App_Start

* bin

* Controlleis
< Models

3 using System;
4 using System.Collections.Generic;
5 #pragma warning disable £4%

msst be serializable so the bot ¢
B // The order of fields defines the default order in which guestions will be asked.
i f/ Enumerations shows the legal options for each field in the SandwichOrder and the order is the or

// The SandwichOrder is the simple form you want to fill owt. Tt

/f in a conversation.

' PastDeploySeripts 11 [namespace Microsoft.Bot.Sample.FormBot °
; .
Proparties public enum SandwichOptions
deployment {
gitignore 15 BLT, BlackForestHam, Buf hicken, Chi 1t, ColdCutCombo, MeatballMarifa
TR 16 OvenRoastedChicken, RoastBeef, RotisserieStyleChicken, SpicyTtalian, SteakindCheese, Sweef:
p 17 TurkeyBreast, Veggie
dlefault hitm d
18 bs
deploy.cmd 15 public enum LengthOptions { SixInch, Footlong };
Globalasax 20 public enum BreadOptions { HineGrainWheat, MineGrainHoneyOat, Italian, ItalianMerbsAndCheese,|F
b i 21 public enum Cheeselptions { American, MontereyCheddar, Pepperjack };
22 public enum Toppingdptions
Microsoft Bot.SampleformBat. 5y {
Microsoft Bot.3ampleFormBote. 24 Avocado, BananaPeppers, Cucumbers, GreenBellPeppers, Jalapencs,
Microsoft BotSample FormBat_. 29 Lettuce, Olives, Pickles, RedOnion, Spinach, Tomatoes
packages.config B 4 3
public enum SsuceOptions
readme.md
Web.config ChipotleSouthwest, d, Ligh ise, Regula ise
Web.Debug.config Mustard, Dil, Pepper, Ranch, SweetOnion, Vinegar
Web.Release.config B
32
3 [Serializable]
34 public class SandwichOrder
35 {
b public SandwichOptions? Sandwich}
1] RTIr TP er e T Tannth:

Figure 19-5. Online editor for dialog bot framework

Changes to the file will be saved. You must build and compile them in a .NET
application. To build the file, click Open Console and type “build.cmmd” (Figure 19-6).

Leila Etaati

£ fa

@ EXPLORE Console
4 WORKING FILES Welcome to the App Service Editor console
o R Type ‘help’ for a list of available commands or press 'Ctrl+Space’ for assist. Type 'exit’ to cl

~ console.

“ WWWROOT
\> build.cmd o

‘3'} - s

= App_Start

* bin

& Controllers

4 Models

Sandwi
& PostDeployScripts

* Properties

-1

.deployment
gitignere

build.emd

default.htm

deploy.cmd

Global.asax

Globalasax.es

Microsoft Bat.Sample FormBot.

Microsoft.Bot.Sample FarmBot..

Figure 19-6. Building the Bot online editor
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Now we have to test and check the changes in Test in Web Chat. Type “Hi” for the
first time, after building the framework. As you can see in Figure 19-7, the first option
regarding the sandwich type has been changed.

Microsoft Azure B Search resources, services, and docs

Home * webappbotbeok - Testin Web Chat

h‘ webappbotbook - Test in Web Chat b4
et App Bat

“ Test O stant over

Ovarview
B acthity log
sl Accass control (M)

¥ Tags

AP o E

Bot management
B ol
B Testinwedchat

il Anatytics ﬂ
fou

T Channels

=]
P
m
¢
=

) semings Welcome to the simple sandwich order bot!
& spesch priming ebappbottask

() ot Sesvice priting
Please select a sandwich

App Service Settings Chicken
= application Settings

Ham
= all App service settings

Pork
Suppeort + troubleshocting

Qo 50 &

& New support request

Figure 19-7. The result of changes in the bot framework

Now, when you choose the Ham option, the next sandwich option will be shown,
which is a question about selecting the sandwich length. It is possible to embed the code
in a channel, such as Facebook, Telegram, Skype, and so forth (Figure 19-8).
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Microsoft Azure B Search resources. service and decs

Home * webappbotbook - Channeis

& webappbotbook - Channels

«

i Connect to channels
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& T
F— Ef Web Chat Issues (2) - Edit

B suld

Hame Health Published

B! Testinweb chat e Get bot embed codes

il Anatytics

Channels o

@ settegs
I speech priming
R e
D st O &% @ ©
-t e

App Service Settings

e ENSMNDS BN+

Add a featured channel

IZ apphcation Settings
More channels
AN dpp venvice ettings

L 2
e
-«
L
(o]

Suppart + troubleshooting = iy € Facebook Messenge

& New support request

Figure 19-8. Channels in chatbot

Click Channels and note the different ways to embed the bot in different channels.
One of the ways is embed the bot in a web application is to use Get Bot Embed Codes.
If you want to embed the code in an HTML page, you must copy the embed code and
replace the secret code with the secret key shown in the windows above (Figure 19-9).

342

www.EBooksWorld.ir



Microsoft Azure

£ Search resources, services, ond decs

Home * webappbotbook - Channels

;!0 webappbotbook - Channels
Wity Apgp Bo

«®

Owerview
B Activity log

sh Access control (LAM)

CHAPTER 19  BOT FRAMEWORK

[] Disable | @&
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L i syt
® ¥ Channeis Show | Regenerate
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Support ¢ troubleshooting _—
g o

s New support request

Copy

Figure 19-9. Embed code in Channel

Now you have a code, as follows, using Secret keys.

<iframe src='https://webchat.botframework.com/embed/webappbotbook?s=YOUR

SECRET_HERE'></iframe>

Now you can embed the code in any web site. In the following section I will show

how to create a question-and-answer chatbot and embed it in another web site.

Question-and-Answer Chatbhot

A question-and-answer (QnA) chatbot can be used for any web site, to guide users. The

procedure for creating a chatbot is the same as that followed in the previous section.

First, we create a Web App Bot service and choose the Question and Answer bot

template (Figure 19-10).
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Figure 19-10. Web App Bot for QnA chatbot

By creating the QnA chatbot, as shown in Figure 19-10, we must test itin Test in
Web Chat. By testing the chatbot, you will receive an error message (Figure 19-11)
asking you to set up some parameters, such as QnAKnowledgebaseId, QnAAuthKey, and
OnAEndpointHostName.
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Figure 19-11. Testing a web QnA chatbot

To set up these parameters, we must create a QnA Maker service in Azure. In your
Azure account, set up the QnA Maker service (Figure 19-12).

Microsot azure [T -

Home * Mew * OnA Maker

QnA Maker » 0 X

Microso®t

Microsaft's QraMaker is a Cognitive Service tood that uses your existing content to build and train a
sample question and answer bot that respands 1o users in a natural, comversational way. OnA Maker
ingests FAC URLs, structured documents, and product manuals, extracts all possible queshon and
answer pairs from the content.

A common challenge for most Bot scenarics is to sep t the content
mansgement from the Bat design and development, a5 content owniers are usually domain experts
‘wha may not be technical. QnaMaker addresses this by enabling a no-code Qnd mansgement
sxperience.

Cina Maker allows you to edit, remave, or add Cind pairs with an easy-to-use interface, then publish
your knowledge base as an A9 endpoint for a bot service. It's simple 1o text and train the bot using
a famniliar chat interface, and the active leaming festure sutomatically learms questions variations
from users over Uime and adds them 1o your knowledge base. Use the Qna Maker endpoint to
saamlessly integrate with othar AR liks Language Understanding senvcs and Speech ARI to
inberpret and answer wser questions in different ways.

i Save far later

PUBLISHER Microsoft

Figure 19-12. QnA Maker
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After creating QnA Maker in Azure, you must set up a knowledge database [5]. Using
your Azure account, log in to the qnmaker.ai web site (Figure 19-13).

B2 Microsoft Leila
QnA Maker My knowledge bases Create a knowledge base Documentation Feedback

Looking for your Preview knowledge bases? Find them here

From FAQ to Bot B
in minutes. =

Build, train and publish a simple question and answer bot n
based on FAQ URLs, structured documents, product

manuals or editorial content in minutes.

GET STARTED >

Figure 19-13. QnA Maker web site

Click the Create a Knowledge Base at the top of the page (Figure 19-13). The first
step is to create a QnA service (as = in the last section). The second step is to connect
the knowledge service to the QnA component in Azure. The third step is to choose the
related Azure Directory ID, Azure Subscription Name, and Azure QnA Service. Then you

must choose a name for the knowledge base (Figure 19-14).
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STEP 2

Connect your QnA service to your KB.
After you create an Azure GnA service, refresh this page and then select your Azure service using the options below.

* Microsoft Azure Directory ID

leflaetaatigmail [Default Directony)

= Azure subscription nams
Microsoft Azure Sponsorship w l
* Aaure (nA service

Qnaleilabocka = |

STEP 3

Name your KB.

The knowledge base name i for your reference and you can change it at anytime.

“MName

Conference Knowledge Easel

Figure 19-14. Connecting the knowledge base (KB) with Azure

Next, we have to upload some knowledge base as a URL or in a file format (. et, . pdf,
.doc, .docx, .x1sx). The file contains some frequently asked questions (FAQ). I have
created a word file that contains some FAQs for a conference (Figure 19-15).

Hi, Hello, Test

Welcome to the conference

Where is the conference?

It is happening in Auckland

What is the date of conference?

It is happening in February

Is there any parking?
There is some limited parking spot

Is it a free conference?

Nn it iz a naid ane

Figure 19-15. FAQs
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Now you must upload the file to the web site and create the knowledge base
(Figure 19-16).

s

Populate your KE.

+ Add URL

File name

wnowiedarbase.com o
+ afiarme

s

Create your KB

| I
Figure 19-16. Creating a knowledge base

After creating the knowledge base, you can extend the knowledge base questions,
by clicking Add QnA Pair (Figure 19-17). In addition, it is possible to add more questions
and more answers.

QnA Maker My knowledge bases Create a knowledge base Documentation Feedback

Conference Knowledge Base  rdind+  EDIT PUBLISH SETTINGS Save and train

Knowledge base

Starch the knowiedge base ® @+ Aocanapan )

Question Answer

. Ouiginal ssuiree: Editorial

haw to get there? X | + 9 using car ar train B
~ Original source: knowledgebass.docs

Whese Is the conference? X it is happening in Auckland 8
whit 5 the dats of conferancaT It is happening in February g
s thare any parking? X+ There is some limited parking spot B
tit a free conferance? X Mo, it is a paid one L]
e o T n

Figure 19-17. Adding a QnA pair
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After uploading and adding the question, you must “Save and train” the knowledge
base. After training the model, click Test. Type “Conference,” and the knowledge base
returns the result (Figure 19-18).

Temt ) Start over

It is hapyerring in A kland .
(;:imn.- Keudrrige Rae st 1224

Figure 19-18. Testing the knowledge base
After testing the knowledge base, we must publish it. After publishing the knowledge
base, an HTTP request will build. The created request contains all the required

information, such as the knowledge base ID, end point link, and authentication key
(Figure 19-19).
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QnA Maker My knowledge bases Create a knowledge base Documentation Feedback

Locking for your Preview knowledge bases? Find them here.

Success! Your service has been deployed. What's next?

Use the below HTTP request to build your bot. Learn how

Gnaknowledgebaseld

POST fknowledgebasesie, c/generate Answer

Host: https:/fqnalei OnAEndposntHostMame

- — Authorization: End
Sample HTTP request
Content-Type: app

{"question™" <Your question>"}

Need to fine-tune and refine? Go back and keep editing your service.

Figure 19-19. Creating an HTTP request

These parameters can be viewed in Figure 19-11. In webappgnabook (Figure 19-20),
click Application Settings and fill the parameters with HTTP Request parameters
(Figure 19-20).

Microsoft Azure 2 Seorch resources. services. and docs

Home > webappgnabook - Application Settings
H‘ webappgnabook - Application Settings

W App Bt

€ Hsse X pisand

Cvarview BotOpenizhlat m]

B acivity log BotStateEndp... (]

al Access control (1AM W P 16150616-2138-4 f-SteA10.. [m]
& BR  MGSORADD . WOWOGHIERESDEZEE e S
= Hot management | | ansnuthocey =}
Th e | | anasndpsint_ = | o
- B Testinwab Chat . anaxnonleds.. =]
] i Analytics TEe———— T
& B Chaands WEBSITE_NOD... 6.1 B
| ] & Settings + Add new setting

B specch priming
L 2 (' 8ot Sevice pricing Connectlon strings
e App Service Settings O VAWE  TYPE SLOT SETTING
* = apphcation Settings o {na eonnection strings to display)
¢ & AN App service settings + Add new connection string

s O

Support + troubleshaoting
Default documents
B New support request

Figure 19-20. Application Setting Parameters
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Now we have to test the chatbot. Click Test in Web Chat and type “Conference.” The
output will be displayed in the test window (Figure 19-21).

Hume  wetaprqrabosk - Tet Cha

et Chat
;“ webappgnabook - Test in Web Chat

0 Test () Sraer o

£ Temnwesca o

il Anaytet

Chanrsis
@ sevtings
B spevck prming
& et Servoy praang
ol
= applestion Sevtogn
B AN sppienicrsetings It is happening in Aucikiand o

. st 12arad P

Suppert + troubisthooting

= b et el Al Tivpe vour message o

Figure 19-21. Testing the chatbot

You can embed the questions and answers on any page and channel. In this
example, this chatbot has been embedded in the conference web site, to guide users. To
embed the chatbot in the web site, we must get the embed code. To get the embed code,
follow the same procedure related to Figure 19-9.

Next, copy the code and put it in the web page (Figure 19-22).

<iframe src="https://webchat.botframework.com/embed/webappgnabook?s=YOUR _
SECRET_HERE'></iframe>
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H

<iframe width="100%" height="400px" src="hitps://webchat botframework .:om_-‘em"lcedfqm\odeﬂa? o
8 >« fiframe>

£ Rrhon: <rnsn reda="roee kens lofe: ralne =300730: latne paarinas naemal e T G U R S VU S -y
8

pa

23

tra

<p

<p

Au

<

<p

<8

<k

ma

£

s

<

P e oy e — —

<$pan styke="teat-a0gn: left; color: #666a73; letter-spacing: 0.50; background-colos: transparent;”> </span>

=p styk="margin: Opo; padding: 10px Oox Opu; text-aban: keft: color; #&64a73; lett : 0.50x; backg cdor; "> cppan shyle="padding-top; 0poc”> <strong>=

HTMa e -é

m Cancel Preview Version History Rich Text Editor

Figure 19-22. Copying the embed code in a web page

Test the code, and you will see the chatbot on the web page (Figure 19-23).

TP @ F @ 2 customLink | Q- FE- T EBE OB rlUu|ls x X B4

i || %a | wA| =] A~ £~ "GothamSSi | 4 3 Normal Applycssc | & -

(&) fryp Bul message...

1]
Preview Woerds: 630 Characters: 4087

Figure 19-23. Chatbot embeded in the web page

N«

Summary

In this chapter, the general procedures for creating a chatbot were explained.
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CHAPTER 20

Overview of Microsoft
Machine Learning Tools

The last 19 chapters were an overview of how you can undertake machine learning with
different Microsoft products. First, an introduction to machine learning approaches,
such as descriptive, predictive, and prescriptive analytics, was provided. The R language,
as one of the principal languages for machine learning was then discussed. Following
was a brief explanation of how to do machine learning using such tools as Power BI,
Azure ML Studio, SQL Server, and others.

This chapter offers a summary of machine learning technologies and best practices
when using particular approaches.

Overview of Microsoft Machine Learning
Technologies

Artificial intelligence (AI), and specifically machine learning, can bring lots of benefits
to businesses. Many have been using Microsoft data platform tools for years. Microsoft
employed machine learning to create such products such as Xbox, Bing Search, and
others. However, from 2014, Microsoft began to provide a facility for power users and
end users to embed machine learning in their reports and software.

Previous chapters categorized the relevant Microsoft tools, based on the way
machine learning is used. In this chapter, technologies are categorized according to the
following:

e The need to write R or Python code

e Cloud or on-premises computing
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The first classification is based on the degree to which these tools are easy to use and
accurate.
We can classify the associated products into two main groups:

e Pre-built AI: Microsoft machine learning tools that do not require
that you write any R or Python code to generate a machine learning
scenario.

e Custom AI Microsoft machine learning tools that require you to
know how to write R or Python code

The first group is easy to use, and you need only follow the instructions provided.
The main benefit of using pre-built Al tools is that there is no need to know the machine
learning concepts, or at least by knowing some, most anyone is able to create an Al
application. Pre-built Al tools can address general problems and issues, but for some
business problems, other categories of tools (e.g., for writing R or Python code) are more
efficient. In this book, the Cognitive Services (Chapter 18) and Bot Framework (Chapter 19)
are the tools that you can embed in Power BI, Windows, or other web applications
without writing any R or Python code. As mentioned in the relevant chapters, there is no
direct way to access the code behind pre-built custom Al tools, so there is no way to alter
that code and change the algorithms.

In contrast, to use Custom Al tools requires knowing how to code and how to write
code for the purpose of machine learning. However, for some tools, such as Azure ML
Studio, it is possible to conduct machine learning without writing R or Python code,
although at least some understanding of how machine learning works is necessary.
Some Custom Al tools address writing R or Python code inside other Microsoft tools,
such as R or Python in

e Power BI (Chapters 6, 7, and 8)

e SQL Server 2016 for R Services and SQL Server 2017 for Machine
Learning (ML) Services (Chapter 9)

e Azure Data Lake Analytics (Chapter 11)
e Azure Databricks (Chapter 10)

e Azure HDInsight (Chapter 15)

e .NET applications (Chapter 13)

¢ And others
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For Azure machine learning tools, it is possible to write R or Python code as well. In
addition, the drag-and-drop environment is quite easy to use.

The second classification is about cloud vs. on-premises Al tools. Many companies
still prefer to keep their tools on-site, while some others prefer to move all their business
products to the cloud. Between the two, some companies have both cloud and on-
premises tools.

If the main strategy of a company is to keep everything on-premises, using Power BI
or SQL Server for writing R or Python can be more suitable. However, if the preference is
to do machine learning in the cloud, the Azure ML Studio (Chapter 12), for writing R or
Python on Databricks, and Azure Data Analytics can be most helpful.

The third categories of tools address solutions to business problems. The nature of
a problem and the scenario that we want to enrich with Al also matter when selecting

specific tools, for example

o Applying machine learning on Internet of things (IoT) use case

scenarios
o Using Text Analytics, speech, images, and so forth, for analysis

o Applying machine learning to an ETL (extract, transform, load)

project

o Fast tracking a prototype for a client with Azure Machine Studio

loT Scenario

Analyzing real-time data is a need that has been addressed by such Microsoft tools as
Event Hub, Stream Analytics (Chapter 13), Databricks (Chapter 10), and others. With
Power B, it is possible to create a live stream report based on the real data that flows
from sensors, applications, and so forth.

For most of this scenario, there is a need to identify anomalies in the data or classify
prospective data into different groups. By using Azure Machine Learning with Stream
Analytics or Databricks, we can apply machine learning to IoT scenarios.
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Image, Text, and Voice Analytics

There are different tools for image, text, and voice analytics in the Microsoft stack.
Cognitive Services (Chapter 18) is one of the popular tools for text, voice, and image
analytics that provides APIs to use in other applications.

However, it is also possible to do image processing and voice recognition using the
CNTK platform, which is covered in Chapter 17. These Microsoft packages and libraries
provide facilities for developers to employ for performing machine learning with a deep
learning approach.

Machine Learning on ETL

Another possible requirement is to apply machine learning to data that has been loaded
and transformed with the aim of visualization and creating reports. There is always a
need to apply some descriptive or predictive analytics on data before showing it to the
final users. As a result, those who use Power BI self-service BI can leverage the machine
learning, using R and Python scripts to make reports more insightful. Another approach
is to use R or Python in SQL Server 2016 or 2017. In addition, if the data is on the cloud, it
is possible to use Databricks for ETL and machine learning at the same time.

Machine Learning Prototype

For companies that want to use machine learning on their data for the first time, Azure
Machine Learning Studio is a great tool that demonstrates the real process of machine
learning, from collecting data to training and testing models. Moreover, managers and
stakeholders are able to fast track the machine learning process and see how it can be
used as an API in other applications or a simple Excel file.

To sum up, tool selection for machine learning depends on the architecture being
used, how much effort is willing to be expended on programming, and what scenario
is to be put in place. Tools related to the first requirement are based on pre-built Al
and custom Al. Those for the second depend on the current architecture in place,
whether on-premises or cloud-based. Finally, the last requirement to consider relates to
appropriate tools for a specific scenario that is to be implemented, such as for IoT, ETL,
or prototype creation.
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Activation functions, 95, 291, 292
Apache Spark, 159, 267
Application programming
interface (API), 11, 211

Artificial intelligence (Al), 3, 273, 355
Automated machine learning

advanced editor, 111

association rules, 130

attributes, 130

cancer data set

call classification function, 118
prediction result, 118

Changed Type, 113

Chiclet slicer, 134

creating function, Power

Query, 110

customer purchasing behavior, 129

data set, transformation, 112

duplicate data set, 109

final code, 114

importing data set, 131

parameters setting, 133

permission request, 116

Power Query Editor, 106

Power Query filter value, 133

prediction analysis, 108

report, 134

result analysis, 132

rpart library, 107
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R scripts editor, 131
RStudio, 107

run R Script, 112
selecting columns, 115
titanic data set, 107

Azure Databricks

chart option, 165, 166

cluster page, 161, 162
environment module, 159, 160
import data, 166, 167

launch workspace, 161

new cell creation, 169, 170

R notebook creation, 163, 164
run code, 165

Scala language, 167, 168
scheduling a process, 171

Azure Data Lake

Analytics sample scripts, 180, 181
create resource, 176, 177
creating Analytics resource, 179, 180
Data Explorer option, 178
definition, 175
Microsoft Cloud components, 176
R scripts in U-SQL language, 184-188
into RStudio
Active Directory, create
connection, 194, 195
Azure Active Directory, application
registration, 190
Azure Active Directory, create, 188
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Azure Data Lake (cont.)

definition, 247

Azure Active Directory, Directory importing data

ID (Tenant ID), 191

Azure Active Directory, getting

client Secret ID, 192, 194
iris data in adlsbook, 196-198
U-SQL, 182,183
Azure Data Lake Analytics, 175

iris classification result, 264
iris data (text file), 257, 259, 260,
262, 264
Jupyter Notebook, 261
options, 256
installation, 248-250

Azure Data Lake Store (ADLS), see Azure iris classification project, 254, 255

Data Lake
Azure Machine Learning
(AML), 9, 238-240
API model, 229
package, 150
Azure ML Studio
creating web service
API in Excel, 216, 217
information page, 213
input and output, 214
sample code, 214
testing, 215
Titanic problem, 212
environment, 201-203
executing R scripts, 218-222
experiment
algorithms, 209
Clean Missing Data, 207
creating, 203
importing data, 204
score model output, 211
setting up, 204
Split Data, 210
visualizing data set, 206
features, 201
Azure ML workbench
vs. Azure ML Studio, 248
components, 248
creating workspace, 252, 253
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model main page, 252
Azure SQL database, 227
Azure storage explorer, 274
Azure Stream Analytics
Analytics job, 234-237
application, 231-234
Azure ML
access keys and URL, 240
model, 239
web service creation, 239, 240
components, 228
create function, 241-243
creation, 225, 226
definition, 225
Event Hub service, 229-231
initialization, 226, 227
live data in Power BI, 243-245
outputs, 228
setting up configuration, 233
shared access policies, 237, 238
Visual studio, 233

B

Blob storage, 227

Bot creation, Azure
Build section, 338, 339
channel, 341, 343
Form option, 335
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online code editor, 339, 340

test changes, 341

Web App Bot, 335, 336

Web Chat, 337, 338
Business intelligence (BI), 9, 37, 312
Business problem, 73

analysis and information, 68

machine learning (see Machine

learning (ML))

C

Cluster analysis, 121
Clustering
custom visuals, 122-124
k-means, 121, 122
Power Query, 124
comparison data, 128
data cleaning, 125
funnel chart option, 128
household power consumption
data set, 125
visualizations panel, 127
Cognitive services, 358
Azure accounts, 307, 308
categories, 305, 306
features, 309
language category, 307
Collaborative filtering, 73
Content-based systems, 72
Custom visuals, Power BI
command prompt creation, 59
JSON file, 61
pbiviz command, 62
in power BI, 56, 57
account sign in, 51
analytics time series, 53

forecasting, 53-55
import data, 52
import visuals, 51, 52
RADACAD web site, 64
R code, 60
script file, 58

D

Data acquisition, 7

INDEX

Databricks environment, Azure, see Azure

Databricks
Data mining approaches, 70
Data Science Virtual Machine
(DSVM), 12, 291
creation, 276
environment, 278
Jupyter Notebook
authentication key, Azure ML
studio, 283
fetching workspace ID, 282
model creation, 281
R code, 280
R ML Code
publish, 284
web service, 284, 285
overview, 273, 274
R and python tools, 279
RDP file, 278
RStudio, 279
setup, 275
size, 276
Dataset variable, 88
Data transformation, Power Query
change data type, 90
group by, 91, 92
using R scripts, 86, 87
Data warehousing, 267
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Data wrangling

ETL, 78

merging, 84-86

reshaping, 78-83

selecting, 83, 84
Decision-making process, 4
Decision tree

analysis, 105, 106

custom visuals,

Power BI, 102, 103

Power Bl account, 101

power query filter value, 104

predictive analysis, 104

root node, 105

tree branching, 101

visualization panel, 102
Deep learning, 292
Deployment, 7
Descriptive analysis

data mining approaches, 70

operation reports, 69

statistical analysis, 70
Discrete class label, 6
Drag-and-drop environment, 9, 201, 357

E

Emulator, 335
Event Hub, 227, 229-231, 357
Extract, transform, and

load (ETL), 78, 161, 267

F,G
Face recognition

API key, 320
Azure, 319, 320
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BrowseButton function, 327

code, change, 322-324

face description, 328, 330

face emotion, 331, 332

image emotion, 319

installing Face API, 321, 322

vision category, 318, 319

Windows application, 320, 321
Forced-directed graph, 132

H

HDInsight

cloud-based service, 267

cluster
Azure Data Lake Store Genl, 271,

272

creation, 269
environment, 270
Jupyter Notebook, 270, 271
set up, 268, 269

I, J

Integrated development environments
(IDEs), 15, 27

Internet of things (IoT), 225, 227, 357

K

Key performance indicators (KPIs), 4, 52,
102
K-nearest neighbors (KNN), 71, 87

L

lapply function, 88, 89
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AL 3,4
approaches
supervised learning, 6
unsupervised learning, 6
descriptive analysis, 69, 70
languages and platforms, 9-12
life cycle, 7-9
predictive analysis, 70-72
prescriptive analysis, 5, 72, 73

N,O

Neural networks, 288
computer system architecture, 94
concrete data set, 96
package library command, 98
machine learning with R, 95
mountain climbing,

comparison, 95

normalization, 97
output data set, 98
Power Bl report, 100
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Matplotlib, 35, 299
merge function, 84
Microsoft Cognitive Toolkit (CNTK), 274, 358

prediction result, 99
Python codes, pivot, 97
structure, 99

case study training data set, 97
actual data, 300 Normalization
DSVM, 295 MinMax approach, 87

Jupyter Notebook, 297
random data, 298

definition, 293

neural networks
activation functions, 292
classifying data, 290
deep learning, 292
DSVM environment, 291
model, 288
synapsis, 287
topologies, 292

setup, 293, 295, 296

Microsoft machine learning

custom Al tools, 356
data platform tools, 355
ETL, 358

10T, 357

pre-built Al tools, 356
prototype, 358

voice analytics, 358

normalized data, 90
R scripts, 88
NuGet packages, 232, 321

P

Packages, R
installation, 18
machine learning, 23, 24
Power BI, 227, 229
data visualization, 38, 39
R code
CSV file, import, 41
ggplot function, 46
mpg data set, 42
Python environment, 43
scatter chart result, 46-48
script editor, 44, 45
whitespace area, 42
setting up R, 39-41

www.EBookswWorld.ir

363



INDEX

Power Query Editor, 10
data resources, 77
data transformation, 76
home tab, 77
power BI, 76
R scripts, 78
Power query filter
value, 84, 104, 133
Predictive analysis, 67, 70-72
classification analysis, 71, 72
regression analysis, 71
time series forecasting, 72
Prescriptive analysis, 5, 67, 72, 73
PyCharm, 29, 274
Python
dimensions, 34
IDE, 27, 29
machine learning, 35
package installation, 29-31, 33, 34
statistical distribution, 35
visualization, 35

Q

Query Editor, 228
Question-and-answer (QnA) chatbot
embed code, 351, 352
FAQs, 347
HTTP request, 349
knowledge database, 346, 347
Maker service, 345
QnA Pair, 348
gnmaker.ai web site, 346
testing, 344, 345, 351
Web App Bot service, 343, 344
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R

RADACAD web site, 64
R, data structure
data frames, 21, 22
lists, 20
vector—C(), 19-20
Regression approach, 6, 71
Remote Desktop
Protocol (RDP), 277, 278
Reshaping data
data table, creation, 81
entering data manually, 80
pivoting data, 79, 80
pivot table, 82
specifying type/values, 82
type column pivot option, 81
RevoScaleR package, 142, 147
Rodeo, 28, 29
rpart package, 23, 107, 169
R scripts
configuration options, 143
creating visuals
chart in SSRS, 154-157
input data, 153
library path, 152
R code section, 153
return data, 153, 154
SSRS, 151
packages, 146
Azure ML, 150
RevoScaleR, 147
rxLinMode, 147, 149, 150
run, 144
in SQL Server 2016, 139
in SQL Server 2017, 140, 142
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RStudio, installation, 15-18 T
R visualization .
) ) Team data science process (TDSP), 7
custom visuals (see Custom visuals, .
Text analytics
Power BI) .
create function
features

RStudio, 49, 50
slice and dice, 49
power BI, 37
rxLinMode package, 147-150

S

Slice and dice, 49

Spyder, 27

SQL scripting language, 229

SQL server, 139-142

SQL server reporting services
(SSRS), 151, 154

Statistical analysis, R, 22, 23

Supervised learning, 6, 67

Support-vector machine (SVM), 71

blank query, 314
Power BI Query Editor, 314-316
sentiment analysis, 316, 317
data set, 312, 313
pricing tiers, 310, 311
setup, 310
URL and key, 311

U

UCI machine learning
repository, 121
User interface (UI), 167

V,W, X, Y, Z

Visualization, R, 24, 25
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