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About the book; Quick Intro from Author

Azure Machine learning has been introduced in 2014. By seeing a demo in SQL PASS
Summit, | get interested in this product. From that time, | start to work with and
demonstrating in different conferences. After a while, | start to write some weblog
post about it. In this book, | gathered all these posts in one book. Totally | wrote about
10 blogs on it in different time from 2017. The book contains information about Azure
ML Studio environment, how to use algorithms and create predictive analytics, how
to transform data and so forth. You can start reading this book with no prerequisite.
It is better to follow the provided sequences.
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About Author

is the First in New Zealand and Australia, She is a Data Platform
Microsoft MVP as well. She has PhD in Information System from the University Of
Auckland. She is the Co-director and data scientist in Company with more

than 100 clients in around the world. She is the co-organizer of

in Auckland with more than 1200
members, She is the co-organizer of three main conferences in Auckland:

(2015 till now), (2017 till now) and

2018. She is a Data Scientist, Bl Consultant, Trainer, and Speaker. She is a well-known
International Speakers to many conferences such as Microsoft ignite, SQL pass, Data
Platform Summit, SQL Saturday, Power Bl world Tour and so forth in Europe, USA,
Asia, Australia, and New Zealand. She has over ten years' experience working with
databases and software systems. She was involved in many large-scale projects for
big-sized companies. She also Al and . Leila is an active
Technical for RADACAD.
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Who Is This Book For?

This book is designed for Bl Developers, Consultants, Data scientists who wants to
know how to develop machine learning solutions with Azure Machine Learning
Studio. Bl Architects and Decision Makers who wants to make their decision about
using or not using Machine Learning for their Bl applications. Business Analysts who
want to get better insight on data and learn tricks of how to apply machine learning
on specific data. The book titled “Azure Machine Learning Studio”, and that means it
will cover wide range of readers. I'll start by writing 100 level and we will go deep
into 400 level at some stage. So, if you don't know what Azure ML Studio is, or If you
are familiar with machine learning but want to learn how to use Azure ML Studio,
this book able to show you the main process.
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Upcoming Training Courses

Leila runs different Microsoft Machine Learning training courses both online and in
person. RADACAD also runs Power Bl and SQL Server courses ran by Reza Rad. Our

courses run both online and in person in major cities and countries around the

world. Check the schedule of upcoming courses here:

http://radacad.com/events

http://radacad.com/advanced-analytics-training
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Chapter 1: Introduction

Published Date: March 27, 2017
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In this book, I will talk about Microsoft cloud machine learning: Azure ML Studio. | will explain the

main components and concepts of Azure ML Studio. In the first chapter, | will talk about Machine

Learning concepts and Azure ML.

What is Machine Learning:

Machine learning according to Wikipedia is:

“subfield of computer science that gives computers the ability to learn without being

explicitly programmed "
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The main concept comes from learning from data and then for a new series of data, predict based

on the past data behavior.

The best example is: handwriting recognition in a Post Office.

. e
G LA o PERY

The computer will be feed by many different handwriting styles. For instance, for the word
"Referred” we may have different ways of writing it (see below image). A machine learning program
will learn from all different writing styles, then in the new set of data, it should be able to
distinguish it. So, the computer program will learn that the word “referred” can be written in
different ways. Hence, for future letters, the computer program will be able to distinguish different

varieties of writing “referred ".
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Moreover, machine learning is a new trend in Bl. Before this era, we mainly focused on “What is

happened”, “Why it happened”, or “What is happening now". The new trend that we are looking at

is:” What will happen” and “How to make it happen”
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The first level (What happened) has been used for many years in Bl systems. Which is

about checking what happened in the past without any level of analytics, while the second

level fetches the same data, but it will look at the real-time or near real-time data. It can be an
example of the internet of things. In the third level, the main aim is to see "why it happened” so we

focus is on what if analysis.

The fourth level mainly is about the “What will happen” which machine learning will be used here.
It is not an easy task but it worth the effort especially for future decision making. Finally, the last
part is about the Recommendation, that based on the specification of customers what

action/products/ so forth good for them.

For the first and the third level we can use Bl tools such as Microsoft Power Bl. The good example
for the second level is “loT" or using “Gateways” in Power BI.
However, the main aim of the current series is more on the fourth and the fifth level of analysis

which is predictive and prescriptive analytics.
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Machine Learning Cycle

To do machine learning, we should follow a specific cycle as below:

The first step is to identify the business problem such as: sale prediction, customer churn and so
forth. The next step is about identifying the relevant data, what attribute has more impact on the
problem, gather data, clean data and load data. In the second step, the ETL process may be
applied. Finally, after gathering data and data wrangling, we have to choose the relevant algorithm
based on the problem nature (will be explained later in this series). Finally, we split data some part
for the training model and some other for testing the mode. The model will learn from past data to

better predict the upcoming data. Then, we evaluate the created model and deploy it.

What is Collecting,
Business Cleaning and
Problem Loading Data

Choosing
Moadel

Split data

Test Model Train Model

Evaluate
Model
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In some cases, the model evaluation is not satisfactory, hence we must reconsider the business

problem, collect other data or choose another model.
This process applies to any other machine learning platform.
Azure Machine Learning

Azure ML Studio is a cloud machine learning platform. It is part of the Cortana analytics suite.

Azure ML Studio make the process of creating predictive, descriptive and prescriptive analysis

much easier.

Information Big Data Stores Machine Learning
Management and Analytics

Azure ry TS ~||feerm-
Data Catalog B HOirsight Perceptual Intelligence

E Azure Personal Digital A
Data Factory 5

Azure
Event Hub

Azure ML Studio is in "Machine Learning and Analytics” part of Cortana.
The main specifications of using Azure ML Studio are as below;

1. Web-based, accessible from anywhere

2. If you are using Cortana, for example Azure SQL database, Azure Virtual Machine and so on,
it so easy to create analytics on it. For instance, you can get data from SQL Data Base in
Azure and apply some analytics on them, then store the result in Azure again. Moreover, if

you use Event hub or loT hub, you can easily create analytics on live data (see
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http://radacad.com/part-4-live-streaming-weather-station-with-cortana-analytics-online-

data-analytics-with-azure-ml)

3. Create a fast prototype for Machine Learning. Azure ML Studio has a group of algorithms
which easy to use (will explain in next parts), the drag and drops environment will make it
easy to create a fast prototype.

4. Flexibility in using the algorithm,25 algorithms that already have been used by the Xbox
team and Bing search team. also there is a possibility to write your R or Python Codes there

5. Create web service out of the created model by a few clicks.
And so many others.

In the next chapter | will show the Azure ML Studio environment and its main components.
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Chapter 2: Azure ML Studio Environment

Published Date: March 28, 2017
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In the previous chapter, the main concepts of Machine Learning have been explained very briefly.
However, if we want to talk about Machine Learning, it needs to read a whole book. In the second

part, | am going to show the main Azure ML environment and its essential components.

Azure ML has two types of subscriptions: Free, and Standard. In this chapter, | am using free
subscription. The extensive explanation of the Standard subscription will be explained in the last
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part of this series. To sign into the Azure ML portal, you can use any of your email accounts: Gmail

account, Microsoft account, or company email. using this URL to log in to azure ML Studio:

https://studio.azureml.net/

First, you should log in to the signing page as below

L& Microsoft Azure Machin X+

studio.azureml.net o

electing +, or by getting them from another browser. Import your favorites

No results

< o2

Options

Ire Machine Learning Studic

ntroducing:

Competitions

Jupyter MyPythonScript imares chasges

B+

image 1. Login Page

A0+ 4 rEC

Learn More ®

Welcome to Azure
Machine Learning

Try it for free

No Azure subscription? No credit card? No

problem! Choose anonymous Guest Access,
or sign in with your work or school account,

or a Microsoft account.

Not an Azure ML user?
Sign up here

Pricing & FAC

By using this free version, you agree to be bound by
the Microsoft Azure Website Terms of Use.

Then, after sign into the Azure portal, you will see below page. Azure ML studio has different

components. The first component is "Experiments”. The experiment is the first place that we will

use for creating a machine learning project (number 1). to Create a new experiment, we have to

click on the “New" icon in the bottom of the page. The list of created experiments will be shown in

the middle of the page (Number 3). If you want to delete an experiment, you first should select it,
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then click on the "Delete” icon (number 4). Moreover, for the copy-specific experiment, select it

and then click on the “Copy experiment” icon (hnumber 5).

In the left side of the window, we have other components such as “Web Services”, “Notebooks”,

"Datasets”, “Trained Models” and “Settings”.

“Web services” is a place that the created web services will be shown there and you able to see

them (I will explain the process of creating web services in the next series). Also we have the

“Notebook” component, for Python users (number 7). The imported dataset and new datasets will

be accessible via the “Datasets” icon (number 8). Moreover, the “Trained Models” also store the

created models that we can use in other applications (will explain it in the next parts). And finally,

“setting component” that help us to arrange the environment.

= Microsoft Azure Machine Learning Studio

0

TRAINED MODELS g

N OO0 o0oo0o0o0ooooooogpha

Image 2. Main Page

MY EXPERIMENTS

experiments

SAMPLES

NAME

Experiment created on 24/...

Experiment created on 24/...

Using ConfigParser inside...

Experiment created on 23/...
Experiment created on 20y...
Experiment created on 20/...
Experiment created on 3/1...
Experiment created on 3/1...
Experiment created on 3/1...

WeatherAzure [Predictive E...

WeatherAzure

Experiment created on 12/...
Experiment created on 12/...
Experiment created on 3/0...
Experiment created on 24y...

Experiment created on 24/...

AUTHOR

leilaetaati
leilaetaati
Sudarshan Raghunathan
leilaetaati
leilaetaati
leilaetaati
leilaetaati
leilaetaati
leilaetaati
leilaetaati
leilactaati
leilaetaati
leilaetaati
leilaetaati
leilaetaati

leilaetaati

STATUS

Failed

Finished

Draft

Finished

Finished

Finished

Finished

Draft

Finished

Finished

Draft

Finished

Draft

Finished

Finished

LAST EDITED

3/24/2017 5:05:26 PM

3/24/2017 4:33:52 PM

3/24/2017 4:18:53 PM

3/23/2017 3:39:54 PM

3/20/2017 3:19:07 PM

3/20/2017 3:18:36 PM

3/13/2017 1:54:31 PM

3/13/2017 1:34:45 PM

3/13/2017 1:34:08 PM

3/13/2017 1:113:55 PM

3/13/2017 12:51:48 PM

3/13/2017 12:39:47 PM

3/13/2017 9:57:34 AM

3/3/2017 9:22:07 AM

2/24/2017 1:47:41 PM

2/24/2017 1:45:32 PM

B

ADD TO PROJECT

PROJECT

None
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In this series | will talk about “Experiments”, “Datasets”, “Web Services”, “Trained Models”, and the

“Setting”.

In this chapter, we first look at the “experiment”. In the experiment, we able to create a new
Machine Learning Module. In the experiment area we have a drag and drop environment, that we
can put items from the menu on the left side to the middle of the screen (Number 1). Moreover,
we able to put some more description of the experiment we are creating on the right side of the
screen (number 2). Each Experiment could have a specific name on top of the page (Number 3)
that has been assigned by the user. All the main components and tools for creating a machine
learning module have been put on the left side of the screen (Number 4). We are also able to
“Save/ Save as" the component (humber 5). Finally, after creating a model, we can “Run” the

experiment.

= Microsoft Azure Machine Learning Studio

< @ Experiment created on 27/03/2017 g Properties >

™ InDraft
i Saved Datasets
ra els
ersion

4 Summary

Quick Help -

B Deprecated CH @,— @ [} <mt = aas

Image 3. Experiment

According to Chapter1 of this series, the first step after identifying the business problem, is about

data gathering, data cleaning, data filed selection and splitting data.
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To start a machine learning process, we have to get data first from resources.
There are a couple of options to fetch data.
1. Import Data set

the first approach to import data, first click on the “database” icon on the left side of the screen
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then in the Data set window, first click on the data set icon in the left side (Number 1), then on the

“New"” icon on the bottom of the page.

datasets
g o
MY DATASETS
n
NAME SUBMITTED BY DESCRIPTION DATA TYPE CREATED & SIZE PROJECT o
WEB SERVICES.
O tetoy leilsetaati GenericCSV
’ [— 0 « Sudarshan Raghunathan zip sse
O w leilaetaati Dataset 2658 kB
DATASET!
iai b O w silzetaat GenericCsv 2207 K8
O mu eilaetaati Gen 17113 MB
. TRAINED MODELS
O m leilaetaati Ger 589,00 KE
c SETTINGS O ine Ieilastzati e 65377 KB
O Gar 1108
m] e 0xe
a Zip 8378
[m] leilaet: Zip s21K8
[m] el RData S16K8
a leilaet zip 4598
O « Jeilsetaat Califomia dairy Genericcsv 1201 k8
O it leilaetaat €S 5076 K8
O travel leiloetaati  Genenid csv 254M8

Then, below windows will be shown up. To import the dataset from your local pc, you should click

on the “dataset” icon (Number 1), then click on the “From Local File"” icon (Number 2)

= Microsoft Azure Machine Learning Studio

datasets
ﬁ PROJECTS

MY DATASETS SAMPLES

FROM .
DATASET 1 | ﬂ & Upload a new dataset from a local file

MODULE

PROJECT

EXPERIMENT

NOTEBOOK
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Then, you able to upload a new data set into the Azure ML experiment. Just browse your pc to

select the data set. There are some limitations on data set type as just able to import directly from

local pc just: CSV, TSV, TXT, ARFF, Zip and RData data types.

After selecting datatype (number 2), approve it (number 3). You will able to see the data set in the

Azure ML environment.

Upload a new dataset

SELECT THE DATA TO UPLOAD:

[ ] This is the new version of an existing dataset

EMTER A NAME FOR THE NEW DATASET:

Browse... o

Select a dataset type...

Generic C5V File with a header (.csv)
Generic CSV File With no header (.nh.csv)
Generic TSV File with a header (\tsv)
Generic TSV File With no header {.nh.tsv)
Plain Text (.txt)

SvmLight File (svmlight)

Attribute Relation File Format {.arff)

Zip File (.zip)

R Object or Workspace (.RData)
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In the Azure ML experiment area, you will see a “Saved Datasets” icon, also under the “My
Datasets” you will find uploaded data set. However, there are some predefined data set in the

system as Microsoft provided them for users (Number 3).

= Mlicrosoft Azure Machine Learn

Search experiment items ,O

u ' iga Saved Datasetso

My Datasets e
Samples o

Importing data from local pc is not the only way for importing data, the other way is using

-

component “Import data”. just type word “import” in the search bar in number 1. You will see
under the “data Input and Output” component, we have a module name “Import data” (Number 2

& 3). Just Drag it and drop it in the middle of the screen in Experiment area (Number 4)

23|Page


http://radacad.com/wp-content/uploads/2017/03/dataset6.png

Azure Machine Learning Studio

Import Data

=
4 S

Import Images

4 E-} Data Input and Gutputo
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Permutation Feature Impor...

4 E'El OpenCV Library Modules

After putting Module " Import data” in the experiment, we able to identify the main source of data

from a variety resources in the cloud and web resources (see below image)

leilaetaati-Free-Workspace

ed on 27/03/2017

In draft

Saving...

*

[e_) Import Data
(1)

LS |

Pr

4l

nartiae  Draiart
Web URL via HTTP
Hive Query

Azure SQL Database
Azure Table

Data Feed Provider

On-Premises SQL Database (Preview Feature)
Azure DocumentDB
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By using “Import data” you able to get data from different resources as has been shown in the
above image. Many of them are part of Azure Cortana suite (Azure Blob, Azure SQL DB, Azure doc,
and Azure Table) however there is a possibility to import datasets via web URL (first option) or

from a web service (data feed provider).

For example, | want to import data from a web URL:

https://vincentarelbundock.github.io/Rdatasets/csv/datasets/AirPassengers.csv. This a CSV file.

First, | click on the Import data module, then in the “data source” | will choose " Web URL via HTTP”
(number 2), following, in the front of the “Data Source URL", put the web link URL. Finally, in “data

format” identify the data format as CSV (or another format). Then just run the experiment.

don 27/03/20-]7 Properties Project 3

: 4 Import Data
Data source

[ web URL via HTTP (2] ~|

a Data sourfe URL : : :
E—) Import Data | https://vincentarelbundock.github.io/Rdatasets/csv/datasets/Ai rPassengers.(sv{ e |
(1

\‘1} Data format

[csv ° |
] csv or TsV has header row

[] use cached results

START TIME 3/27/2017 3:51:01 PM

3/27/2017 3:51:10 PM

0:00:09.285

Finished

STATUS DETAILS None

View output log

After, Running the experiment, you will see a correct green sign will appear in the front of the
module, which shows that we are correctly able to import data from the web. Now by clicking on
the node at the bottom of the module (number 1) and then clicking on the "Visualize” option

(number 2) you will see the imported dataset.
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E_} Import Data v

F |
i‘"i Save as Dataset
aJd  Visualize e

|
E; Open in a new Notebook b

The imported dataset has 145 rows (number 1) and three columns (number 2). Also, the detail of
the data has been shown in the middle of the screen. Finally, a description of data both from

statistic view(number 4) and from visual aspect(number 5) are shown in the right side of the

Experiment created on 27/03/2017 » Import Data » Results dataset *
| -
145 3 o
~ 4 dLaudtly o
Unique Values 19
view as
Missing Values o
a s [N IO (T e ng Festue
time AirPassengers
1 1949 12 4 Visualizations
2 1949.08333333333 | 118 col3
3 1949.16666666667 | 132 Histogram
4 1949.25 129 compareto[None V]
5 1949.33333333333 | 121
6 1949.41666666667 | 135
3
7 1949.5 148 e
8 1949.58333333333 | 148 o
9 1949.66666666667 | 136 )
10 1949.75 119 >
H
1 1949.83333333333 | 104 é_ 15
SC reen. 1”2 1049 91RRRRRARAT 18 v ;E
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| thought these are the main approaches for importing data into Azure MI. According to the
machine learning process (Part1) after identifying the source data there is a need to do data
wrangling in Azure ML. Hence, in the next Chapter | will explain how to use Azure ML different

components for data wrangling.
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Chapter 3: Data Transformation in R

Published Date: April 6, 2017

In a previous chapter | have explained how to import data into Azure ML Studio environment. In
this part, | will show how to do data cleaning, data transformation in Azure ML Studio

environment.

The second step in the machine learning process is about collecting (Chapter2), cleaning and

loading data (current part).
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Azure ML Studio has different components for data transformation (see below image ).
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Image 1. Azure ML Studio Data Manipulation and Transformation.

In Azure ML Studio Studio, click on the Azure Experiment component (image1.1). There is a

different type of components that can be used for the different scenario of data transformation.

In this chapter | will talk about “Data Transformation” (Image 1.3) component and in detail data
manipulation. This component has many things that help us to transform data, clean data and so

forth.
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the main Chapter that can be used in most of Machine Learning experiments is “Manipulation” . in

the below image you will be able to see the different components

4 Manipulation

Add Columns

Add Rows

Apply SQL Transforma...
Clean Missing Data
Conwvert to Indicator V...
Edit Metadata

Group Categorical Val...
loin Data

Remove Duplicate Rows
Select Columns in Dat...

Select Columns Transf...

SMOTE

Add Columns
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Add Columns is one of the primary types of data transformation that helps you to combine two
datasets. For example, imagine we have a dataset about weather Humidity and another one about

the weather temperature.

Experiment created on 5/04/2017 » Experiment created on 5/04/2017 :

roWws columns rows columns

1000 1 aa82 1
Humidity Temperature

VIEW 3% view as

i # ,III ST II||||...
22198242 20460712
25136554 20471437
27.39386 20482162
29255432 20492588
29.964966 20.503613
30.186218 20514338
32.551331 20.525063
32.566589 205357589
32574219 20.546515
32.5818448 20.55724
32.588478 20.5679485

there are in different data set and you want to combine them.
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-"‘"- tempreture.csv
» [ ]

=T hummidity.csv

w -

"i-IEH'I'I Add Columns

The first step is to drag and drop these two data set into the experiment area. Then connect them
to the "Add Column” module (see above image).
if right click on the node bottom of the module “Add Columns” you will see that we have a dataset

that has both Temperature and Humidity data in one place.
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{ Experiment created on 5/04/2017 » Add Colur

| rows columns

1000 2
{ Humidity Temperature
| view as

ol

22188242 2048072

251865584 2047437

27.393386 20482162
' 29255432 20492583
299645966  20.503613
30186218 20514338
32551331 20525063
32.566589 20535739
32574219 20546515
32.581848 2055724
32.588478  20.567965

Add rows

This component helps us to add combine rows that we have in a dataset or combine the
evaluation results. Imagine that we created an experiment that runs two machine learning, we want

to compare and show the result of the evaluation for each of them.

| am going to explain this component via an existing Experiment in Sample experiment in Azure
ML Studio. To start, click on the experiment option (below image), then click on the sample option
(number 2), then in the search area type the "Binary Classification: Credit risk prediction” and click

on the sample to open it.
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Add to the favorites bar by selecting #, or by getting them from another browser. Import your favorites

Microscft Azure Machine Learning Studio

leilaetaati-Fre:

experiments

MY EXPERIMENTS SAMPQ inary Classfication: Credit risk predicﬂor{‘

NAME 4 AUTHOR STATUS LAST EDITED START TIME END TIME j]l

o Binary Classfication: Credit ri... Microsoft Corporation Finished 6/16/2016 7:30:40 AM 6/16/2016 7:30:47 AM 6/16/2016 7:33:38 AM

. ' TRAINED MODELS
° SETTINGS

when you open the sample do not freak out! | will talk about all other components in this
experiment later in Machine learning parts. Just click on the Run at the bottom of the page and

look at the “Add rows" and evaluation models’ components.

< Binary Classfication: Credit risk prediction -Test Finished runring

Search experiment items L

B Saved Datasets

W% Trained Models I

[ Data Format Conversions
B> Data Inputand Output @ it . e
Data Transfarmation

S Feature Selection

[Z] Machine Learning — | e —

SUDWEN R

§* OpenCY Library Modules

@ Python Language Modules L B B mie

R R Language Modules

. ) st
7| Statistical Functions = -

(5= Text Analytics B

A7 Time Series

(@ Web Senvice oL ® oy

RUN HISTORY

as you can see in the below image, we have two “Evaluate model” components (will talk about it in

Machine learning part).
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First, visualize the “Evaluation Model” component by right-clicking on the node at the bottom of

the component (See below image).

ﬂ_ Evaluate hMode

@8 Save as Dataset

] Visualize

Then click on the “Visualize” option (above image). And you will see the evaluation result page.
Just scroll down to reach the next part of the evaluation result as below. This component shows
the accuracy of the model to us with charts and numbers. However, in add rows component only

the numbers and data will be shown.
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(4 Binary Classfication: Credit risk prediction -Test » Evaluate Model » Evaluation results
'} True Pasitive  False Negative Accuracy Precision Threshold | AUC
_ 455 295 0.659 0.850 0.5 0.749
:E.:: False Positive  True Negative Recall F1 Score
s 80 270 0.607 0.708
3 Positive Label  Negative Label
|8 2 1
Score Bin Positive Examples Negative Examples Fraction Above Threshold Accuracy Fl1Score Precision Recall Megative Precision Negative Recall Cumulative AUC
{0.900,1.000] 300 43 0312 0552 0549 0875 0400 0408 0.877 0023
@ (0.800,0.500] 60 12 0377 0.595 0618 0867 0480 0431 0843 0.044
(0.700,0.300] 40 0 0423 0.623 0.658 0860 0533 0449 0.314 0.058
(0.600,0.700] 35 9 0483 0.646 0.691 0.855 0.580 0.467 0783 0.072
(0.500,0.500] 20 [ 0428 0.658 0.708 0850  0.607 0478 0T 0.08z2
(0.400,0.500] 10 5 0.500 0.664 0.5 0.845 0.620 0482 0.757 0.091
(0.300,0.400] 20 g 0.525 0.675 0.730 0.839 0.647 0492 0734 0.108
(0.200,0.300] 15 9 0.547 0.680 0.740 0.831 0.667 0498 0.709 0123
{0.100,0.200] 30 7 0.580 0.692 0.758 0817 0707 0.512 0.660 0.158
{0.000,0.100] 220 23 1.000 0.682 081 0.682 1.000 1.000 0.000 0.749

However, the node “Evaluation Model” has some also data output, to see just data not the graphs,
| am going to drag and drop another component to model name as “Convert to Dataset” as below.

[ just did this to show you the real data that will pass to the “Add Rows” component.

N

@ Ewaluate Mode W

. @

Add Rows W

/' E Canvert to Dabasea W'

just connect it to the evaluation model and then right click on the bottom of “"Convert to Dataset”

[:::]
1]

component to visualize the data (see below picture)
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a Sta

4 Vis

s Binary Classfication: Credit risk prediction -Test » Convert to Dataset » Results dataset
L rows columns

2 7
) 3
" Accuracy  Precision Recall F-Scare AUC Average Log Loss  Training Log Loss

view as

we: 0D D11 T | |
“ 0.658091 0.850467 0.606667 0708171 0749086 1471161 -135.200782

0.582727 0.874036 0453333 0597015 0758705 1431521 -128.663459

we have the same for other “evaluation model” component as below

Binary Classfication: Credit risk prediction -Test » Convert to Dataset » Results dataset

rows columns
2 7
Accuracy Precision Recall F-Scare AUC Average Log Loss  Training Log Loss
VIEW as
YA I O O e e | |
0704545 0703349 098 0.818942 069141 0.58217 6.92602
0.56 0875706 0413333 0561594 0726257 0825904 -32.040766

“Add Row"” component will merge this information. As you can see in the above picture, the raw

data of the “evaluation model” is just two rows with seven columns. That each of them tries to

explain the accuracy of the model to end user. We want to compare the results of these two

algorithms with other ones. Hence, to see the results, right click on the bottom of the "Add Rows"

component, then click on the "Visualize” option.
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the below picture was shown to you. as you can see “Add Rows” has merged these data in one

place

Binary Classfication: Credit risk prediction -Test » Add Rows » Results dataset

rows columns

4 7

Accuracy Precision

Recall

F-Score AUC

Average Log Loss  Training Log Loss

view as

aws |10l

0704545 0703349
056 0.875706
0655091 0.850467

0582727 0.874036

| 11
098
0.413333
0.606667
0453333

0818942  0.69141 0.58217
0561594 0726257 0.825304
0708171 0749086 1471161
0597015 0.758705 1431521

6.92602
-32.040766
-135.200782
-128.863459

b
4 Statistics

4 Visualizations

and we able to compare the result together. | will talk about the evaluation model later in Machine

learning part.

Next Chapter, | will talk about the other component for data transformation.
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Chapter 4: A Machine Learning Prediction

Scenario - Data Cleaning

Published Date: June 1, 2017

< Cancer Prediction Properties

edit me 4 Edit Metadata
Column

4 B Data Transformation
Selected columns:

4  Manipulation Column names: Re;
"'- wisc_bc_data.csv diagnosis

Edit Metadata o .
/ Launch column selector

Data type
Unchanged ~

B Apply SQL Transformation
. Categorical

]
/ o Make categorical ~
Fields

B8 Select Columns in Dataset
En a Unchanged ~
®

/ New column names
[?HT Edit Metadata o ] QIZI

)

In previous Chapters Chapter1, Chapter 2 and Chapter 3 | have explained some about the Azure

ML Studio environment, how to import data into it and finally how to do data transformation using

Azure ML Studio component.

In this chapter and the next one | am going to show how to do a Machine Learning in Azure ML

Studio using different components via a scenario.

First based on the Machine Learning Process (see below image), the first step is to identify the

business problems
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| am going to predict whether a customer will be Benign or Malignant. | have a dataset that

shows the laboratory results of cancer cells, also the patients ID, and the final doctor ‘s diagnosis

as MBII and "M",

| have imported the data as a "CSV” file, the CSV file has 569 records and 32 columns (see below

picture). In the right side of the picture, you will see a menu that shows the statistics about the

data (number 3). Moreover, in number 4 and 5, you able to see the chart that shows the histogram

of the diagnosis column data.
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@Table1 (Dataset, C

data.csv

ﬁgi wisc_bc_
[ B

Download

Visualize e

Generate Data Access Code...

Open in a new Notebook

Draft saved at 1:38:

Header, ARFF,

Experiment created on 1/06/2017 » wisc_bc_data.csv » dataset

rows

569

view as

s #

columns
2 @

id

87139402
8910251
905520
868871
9012568
906539
92529
87880
862989
89827
91485
8711003
9113455

P

diagnosis

B
B
B
B
B
B
B
M
B
B
M
B
B

radius_mean

12.32
10.6
11.04
11.28
15.19
1.57
1.51
13.81
10.49
11.06
20.59
12.25
1314

texture_mean

12.39
18.95
16.83
13.39
13.21

19.04
23.93
23.75
19.29
14.96
21.24
17.94
20.74

perimeter_mean  area_mean 4 Statistics

Unique Values

2
'Illl"' - k.. Missing Values 0 e
78.85 464.1 Feature Type String Feature
69.28 346.4 o
4 Visualizations

70.92 3732
73 384.8 diagnosis
97565 718 Histogram
742 4097 compare to s ©
74.52 403.5
91.56 597.8 350
67.41 336.1

300
71.49 3739 °
137.8 1320 250
7827 460.3 g 00

w
3

85.98 536.9 ug .
P T

| am going to change the data description of the diagnosis. | want to replace “B” with “Benign”

and "“M" with “Malignant”. This can be done using “SQL Transformation”. SQL Transformation

component can be accessed under the “Data Transformation” component. Just drag and drop it
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to the experiment area, then connect it to the dataset as number 2 in the below picture. To write

SQL code click on the component, then write a normal SQL Statement to transfer data as below

“select case diagnosis WHEN ‘B’ then ‘Benign’ else

‘Malignant’ end as [Real diagnosis], * from t1;"

The code will replace the value of column “diagnosis”. as you can see in the above code, the data
has been selected from the “t1” table. So, what is “T1" table, as you can see in the below picture
(number 2). SQL transformation component has three main input nodes. The first node is called
“t1" as we connect the dataset to it. so, if you connect your dataset to the second node then in

SQL scripts you should select your data from "t2"

¢ Experiment created o Properties Pr

sqltr - R 4 Apply SQL Transformation

. SQL Query Script
4 ;EE Data Transformation : Y - - — - —
1 select case diagnosis WHEN 'B' then 'Benign' else
4 Manipulation 2 ‘Malignant' end as [Real diagnosis], from t1 ;

wisc_bc_data.csv

=
Apply SQL Transformation Ll
e / 9
q Eﬂﬂ Apply SQL Transformation
0

The next step for Data cleaning is to remove the columns that we think does not have an impact

on the prediction.
Select Column Data

| am going to remove the “Patient ID" from the dataset using “Select Columns in Dataset” to

select the columns that | need.
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< Experiment created o ndift Properties Project

select col je Draft saved at 1:39:36 PM 4 Select Columns in Dataset

| . p Select columns
4 Lpp Data Transformation

Selected columns:
4 Manipulation Column names:
o 0 q
. @ Wiscbc_datacsv radius_mean,texture_mean,perimeter_mean,area_mean,smoothness_mean,co|
Select Columns in Dataset

diagnosis
Select Columns Transform < 2
I n Launch column selector

EHII Apply SQL Transformation

[25“ Select Co\um}rli\s Dataset J
o/

after running the code, we will see the below results, so the “ID" columns have been r3emoved and

we have now 31 columns instead.

Experiment created on 1/06/2017 » Select Columns in Dataset » Results dataset *
rows (ﬂll]m\‘i
569 31
1 - > ~
Real . radius_mean texture_mean pENITIE'EEf mean area_mean smoothness e
diagnosis - - - - 4 Statistics
view as Unique Values 2
s # Il .I||||._ .|||||. .|||||._ I|I.._ .|"I. Missing Values 0 e
Benign | 12.32 12.39 78.85 4641 01028 Feature Type String Feature
Benign 10.6 18.95 69.28 346.4 0.09688 . Visualizations
Benign 1.04 16.83 70.92 373.2 01077
Benign 11.28 1339 73 384.8 0.164 Real diagnosis
Histogram
Benign 15.19 13.21 97.65 mas 0.07963
Benign 1.57 19.04 74.2 409.7 0.08546
Benign 1.51 2393 74.52 403.5 0.09261

frequency

Malignant | 13.81 23.75 91.56 597.8 01323 350
Benign 10.49 19.29 67.41 3361 0.09989 00
Benign 11.06 14.96 71.49 3739 0.1033
Malignant | 20.59 2124 1378 1320 0.1085 =0
Benign | 12.25 17.94 78.27 4603 0.08654 200
< Benign | 13.14 2074 g5.98 5369 008675 - . .

There is some possibility to have “Missing Values”. The missing value may impact on the

pr3ediction results, so always recommend to remove them. There is a component in Azure ML
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Studio called “Clean Missing Values” as shown below. This component can remove data that

does not have at value. (see below picture).

< Experiment created on 1/06/2017 Properties Project >

clean mi
Draft saved at 1:44:44 PM 4 Clean Missing Data

:::] : Columns to be cleaned
4 Jpp Data Transformation

Selected columns:

4 Manipulation All columns
| . ;i wisc_be_data.csv
Dot (il DL o ° Launch column selector N
/ Minimum missing valuer...
@m Apply SQL Transformation Maximum missing valuer...
.
_/ Replace using MICE
Custom substitution value
B8 Select Columns in Dataset p
an Replace with mean
* Replace with median
\ ¥l Replace with mode
VL Remove entire row
B cean M Dats Remove entire column
wEm Cean Missing Lata Replace using Probabilistic PCA
i @

The next step for data cleaning is to change the data structure, the diagnosis data column was
“string” type ( see the below picture ), before adding the edit metadata component, the diagnosis
column was “String Feature”.

| Cancer Prediction » Select Columns in Dataset » Results dataset *

olumns

s 31
° 2 ]

|
radius_mean  texture_mean perimeter mean area_mean smoothnes
4 Statistics

view as Unique Values 2

ik Missing Values 0
Benign | 12.32 1239 78.85 4641 01028 Feature Type string FeaturclE)
Benign | 106 18.95 6928 346.4 0.09688 L Vieuslimtione

, Benign | 11.04 16.83 7092 3732 01077
Benign | 1128 13.39 73 3848 0.1164 Real diagnosis
Histogram
Benign | 1519 1321 9765 718 0.07963
7 compare to ’Ncnei\/ |"

Benign | 11.57 19.04 742 4097 0.08546 !
Benign | 1151 2393 7452 4035 0.09261
Malignant | 13.81 2375 9156 5978 01323
Benign | 10.49 19.29 67.41 3361 0.09989

for making the prediction, we are going to use “Two-Class” algorithms that need a “categorical”
data, hence we need to change the diagnosis data type. To change the data type in Azure ML

Studio we have a component that helps us name “Edit Metadata”.
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< Cancer Prediction Properties Project

edit me 4 Edit Metadata

Column

4 B Data Transformation
Selected columns:

4  Manipulation Column names: Re;
"" wisc_bc_data.csv diagnosis

Edit Metadata
] .
/ Launch column selector

Data type
Unchanged bt

B Apply SQL Transformation
. Categorical

/ o' Make categorical ~
N Fields

8, Select Columns in Dataset a Unchanged v
L 3

/ New column names
[EE“ Edit Metadata o ] GIZI

1

As you can see in the above picture, | have drag and drop this component into the experiment

area, then in number 3, | specify the column that | need to change the data structure. Following, in

number 4, | change the column to categorical data.

You are also able to change the name of the column in the Edit metadata component as shown in

number 6.

Now | am going to run the code. However | want to see the final result of adding “"Edit Metadata”.

There is a possibility to run just one node at the time in Azure ML Studio to make experiment

creation faster.

For instance, after adding the "Edit Metadata” | just right-click on the node and | have selected

the " Run selected node”.
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Now If | visualized the data at the node” Edit Meta Data” you will see that the diagnosis column

has a " categorical Feature” data type which good for making the prediction.

Cancer Prediction » Edit Metadata » Results dataset

rows columns

569 31
o radius_mean

view as

ok
Benign 1232
Benign 106
Benign 1.04
Benign .28
Benign 1519
Benign 11.57
Benign .51
Malignant | 13.81
Benign 10.49
Benign 11.06
Malignant | 20.59
Benign 12.25
Benign 1314

texture_mean

12.39
18.95
16.83
13.39
13.21

19.04
2393
2375
19.29
14.96
21.24
17.94
20.74

perimeter_mean

78.85
69.28
70.92
73
97.65
74.2
74.52
91.56
67.41
7149
137.8
78.27
85.98

area_mean

4641
3464
373.2
384.8
7138

409.7
4035
597.8
3361

3739
1320

460.3
536.9

smoothnes

4 Statistics

Unique Values 2

Missing Values 0
01028 Feature Type Categorical Feature e
0.09688 4 Visualizations
0.1077
01164 Real diagnosis
0.07953 e
0.08546 compareto[None ] Iy
0.09261
01323
0.09989
0.1033
0.1085
0.08654 g

0.08675

there are still some steps for doing the data cleaning and feature election, that | will explain in the

next Chapter.

To sum up, in this chapter, | have explained how to work with “SQL Transformation” Component,

“Select specific columns” to removing attributes. How to remove missing value using “Clean

Missing Data” component. Also edit metadata to change the name and type of columns.

| next chapter I will explain how to normalize these data, how to find which attributes have more

impacts on the “diagnosis “ columns prediction, also how to split data, train model, score morel,

evaluate the model.
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Chapter 5: A Machine Learning Prediction

Scenario - Feature Selection

Published Date: June 2, 2017

< Cancer Prediction Properties >
split data "/ ' 4 Split Data
B Apply SQL Transformation

Splitting mode

=
we Saved Datasets /. Spit Fows Vp
4 ?_ﬂm Data Transformation f R .
. Fraction of rows in the fir...
4 Sample and Split Q—,m Select Columns in Dataset o
]
Split Data /" [ Randomized split
M Randorm seed
B g
S e e L—0
!
j" Stratified split
/ Er | |
.
> Nor ize Data
. 4
[ Filter Based Feature Selection
*
[F," Split Data e ]
" e
U, (2) Quick Help v

In the previous chapter, | start to do prediction the cancer diagnosis using some laboratory data. |
have explained some of the main components for doing the data cleaning such as “SQL

Transformation”, “Edit Meta Data”, “Select Columns” and “Missing Values”.

In this chapter, | am going to show the rest of the data cleaning process using Azure ML Studio

components and how to split data for training.
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Now we are going to do some more data cleaning as “Normalization of Data”.

Look at the output of the data from “Edit metadata”:

Cancer Prediction » Edit Metadata » Results dataset

569 31
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view as
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4035
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336.1
3739
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536.9

smoothness_mean|

0.1028
0.09688
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0.1164
0.07963
0.08546
0.09261
01323
0.09989
0.1033
0.1085
0.08654

0.08675

compactness_mean

0.06981
0.1147
0.07804
0.1136
0.06934
0.07722
0.1021
01768
0.08578
0.09097
01644
0.06679
0.1089

concavity_mean

0.03987
0.06387
0.03046
0.04635
0.03393
0.05485
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0.02995
0.05397
0.2188
0.03885
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points_mean

0.037
0.02642
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0.04796
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0.01428
0.04105
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and Visualizations

atistics

St

If you look at the data, you will see that each column has its data range, for instance column 2

(number 1 in the above picture ) has data range between 9 to 20, whilst the column number 5

(number 2 in picture) has values between 100 to 500, the same for column 6 (hnumber 3), the data

range is between 0.01 to 0.1. So the data is not in the same range. To do machine learning, it is

important that all data be in the same range. | am going to bring data in a range of 0 to 1 using

the “Min-Max" algorithm. There is a component in Azure ML Studio name “Normalize Data".

As you can see in the below picture, Normalize data component exits under “Data

Transformation” Component.
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| drag and drop the component to the experiment area, in the right side of the experiment, we

able to specify the normalization method (number 4 in the above picture), for this experiment |

have to choose the "Min-Max” method. Also, we able to select which column we want to

normalize (number 5 in the picture).

After running the experiment we will have below data set that is normalized in comparison with

the previous one.
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So, now we have enough data cleaning and data wrangling in our dataset. The next step is about

the "Choosing the right data for prediction” that we call it ” Feature Selection”.

Feature selection

Is the process of finding which attributes ha more impact on the prediction columns. In our

example, we are going to see which laboratory measure has more impact on the Diagnosis result.

There are many approaches in machine learning to do that using algorithms like “regression,

decision tree”, correlation analysis will help.

In Azure ML Studio there is a component name “Filter Based Feature Selection”.

in the below picture, | have shown how | use it to find which attributes have more impact on the

diagnosis of the cancer condition.
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As you can see in the below picture, | have connected the output of the normalization component
to the input node of the “Filter Based Feature Selection”. By clicking on this node, in the right

side, you will see some options that you have to set them up first.

First of all, you should choose the algorithm for the aim of feature selection. In this experiment, |
have choose the “Pearson Correlation” analysis (Number 3). However, there are many other
approaches that | will talk about them later. Then, in the next textbox (number 4), | have identified

the columns that | want to predict, which in our example is “Diagnosis column”.

cer Prediction Properties Project )
/4
v 4 Filter Based Feature Selection
pLL Apply SQL Transformation Feature scoring method
o}
/ | Pearson Correlation
4 Operate on feature c...

@H]] Select Columns in Dataset Target column

/ Selected columns:
{ Column names: Real
di .
@H]! Edit Metadata lagnosis
® | Launch column selector |
/ Number of desired features
! [0 @ ]
E .
Sq Normalize Data START TIME 6/1/2017 2....
®
¥ END TIME 6/1/2017 2....
p Filter Based Feature Selection 0 ELAPSED TIME 0:00:02.665
A \J STATUS CODE Finished

STATUS DETAILS ~ None

View output log

Finally, in the last textbox, | specify the number of features that | am interested in having for

prediction among 32 columns, the default value is 1, but | specify it as 10 (see below picture).
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Then, | run the experiment to see the result of the feature selection by right click on the left output

of the node (see number 1 in the below picture)
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The below result will be shown, as you can see, now we have 11 columns instead of the 32 that

means these are columns that have more impact on the predicting of a cancer diagnosis.
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If you right click on the right side output node of the “feature selection” and visualize the dataset,

you will see below data:
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Zancer Prediction » Filter Based Feature Selection » Features

ows columns

1 31
4 o O ,
d\agnosis points_worst per\meter worst DD\HtS mean radius_worst per\meter mean area_worst radius_mean area_mean concavlty mean

view as

o
1 0.793566 0.782914 0.776614 0.776454 0.742636 0.733825  0.730029 0.708984 0.69636

This data shows which factor has impacted more on the “real diagnosis” column, for instance,
column “Point_Worst” has 79% impact on the diagnosis, or “Perimeter_worst” has 78% impact. All
of this analysis has been done by correlation analysis to see the impact of each attribute on a

predictable column.

We are were done by data cleaning and feature selection. Now we clean our data, we identify

which factor has more impact on the “cancer Diagnosis”.

The next step according to the machine learning process is so spat data for training and testing

purpose
Split Data

The main aim of machine learning is to learn from past data, so we have to provide a set of data to
train the model. The training dataset helps an algorithm to understand the data behavior better, so

able to learn from past data and predict future data.

Also, after creating the model, we should test it to see whether they predict well or not, so we have

to provide a Test dataset from what we already have to check the results.
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There is a component in Azure ML Studio that help us to create a test and train dataset name
“Split Data". Split data can be found under the “Data Transformation” component. (number 1).
Just drag and drop it to the experiment and connect it to the output of “feature selection” ( the

dataset output that is in left side).

Then on the right side of the experiment, you will see windows that show the parameter list. The
first parameter identifies how to split the dataset, which | choose the “Split Rows”, there are other
approaches like using a regular expression for dividing the dataset into train and test, which
hopefully | will talk about them later. Next in number 4, you see that | specify that 0.5 % of data
should go for testing and 0.5% for training. Always this percentage should be above 70% that
provides more data for training. In number 5 and six we can set a value for the seed to make the

experiment consistency for each run.

< Cancer Prediction Properties Pro >
il
split data b4 § P 4 Split Data
B Apply SQL Transformation
a e APPlY SQL Transformatior Splitting mode
g Saved Datasets L ] =
/ Split Rows v
= .
4 Data Transformation
R 11} v Fraction of rows in the fir...
4 Sample and Split il?n‘n Select Columns in Dataset °
. [
Split Data o / [ Randomized split
) v Random seed
Sy —
T
f Stratified split
[ Er—]

S Filter Based Feature Selection
[ ]

AN

-] -
[m woms @) ]

1 2 Quick Help b

Now by running the code, we have two datasets: Training dataset which located on the left side of

the “Split Data". The test data has been located on the right side of the “split Node”
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Now we have “Training dataset” and “Testing Dataset”.

In the next chapter | will show how to choose algorithms and also how to train, test, and evaluate
the model.
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In previous Chapters (Chapter 4 and Chapter 5), | have explained some of the main components of
Azure ML Studio via a prediction scenario. In chapter one the process of data cleaning (using SQL
Transformation, Cleaning Missing Value, Select specific Columns, and Edit Meta Data) has
been explained. And in the second chapter, | have explained how to apply Data normalization,
Feature selection and how to split Data for creating Training and Testing Datasets has been

explained.
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In this chapter, | will continue the scenario of predicting patient diagnosis to show how to select
appropriate algorithms, Train Models, and Test Models (Score), In the next chapter | will show
how to evaluate a model using “Evaluate Model” component, also how to find the best
parameters for algorithms using Tune Model Hyperparameters, and also check the algorithm

evaluation result on different portion of the dataset using Cross Validate component.

4 | & | Machine Learning
- -

Evaluate
4 |nitialize Model
Anomaly Detection @
Classification@
Clustering G)
Regression o
Score

Train

How to choose Algorithms

Many algorithms address the different types of machine learning problems. In Azure ML Studio,
there are four types of algorithms: Anomaly Detection, Classification, Clustering, and

Regression.

Anomaly Detection: these types of algorithms help find cases that not follow the normal pattern

of the data such as finding the fraud in credit cards (above pictur3e Number 1).
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Classifications: Classification can be used for predicting a group. For instance, we want to predict
whether a customer will stay with us or not, or a customer will get a Bronze, Silver, or Gold
membership. In Azure ML Studio we have two sets of algorithms for classification as: Two-Class

and Multi-class algorithms (See below Picture)

I Anomaly Detection ~

4 (lassification

Multiclass Decision Forest
Multiclass Decision Jungle
Multiclass Logistic Regression
Multiclass Neural Network
One-vs-All Multiclass s
Two-Class Averaged Perceptron

Two-Class Bayes Point Machine

Two-Class Boosted Decision Tree

Two-Class Decision Forest

Two-Class Decision Jungle

Two-Class Locally-Deep Support Vector Machine
Two-Class Logistic Regression

Two-Class Neural Network

Two-Class Support Vector Machine — .
o’ (= i—

Clustering

Clustering algorithms like k-mean clustering (I have a chapter on it) more used for finding the

natural pattern in data without making a prediction.

Regression
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Regression algorithms are used for predicting a value. For instance, predicting the sales amount in

a company.

In this scenario we are going to predict whether a patient will be Benign or Malignant. So, | have

to use two-class algorithms.

So, | am going to use two-class classification algorithms.

To get a better result, it always recommends to :

Try different algorithms on a dataset to see which one better able to predict.

Try different Dataset it is a good idea to divide a current dataset to multiple one, and then check
the algorithms evaluation in different Chapters of a dataset. in this scenario | am going to use a

component name “Cross Validate Model”

Try different algorithms Parameters. Each algorithm has a specific parameter’s values, It always
recommended to try the different parameter’s value. There is a component in Azure ML Studio
called "Tune Model Hyperparameters”, that run the algorithms against different parameter’s

value.

First | am going to try two algorithms on a single dataset to see which one better predict the

patient’s diagnosis.

| select the "Two-Class Decision Forest” and “Two-class Decision Jungle” to see which one

better predict.

| search for them in the left side menu, and drag and drop them into the experiment area.
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to work with thee models we need to train them first, there is a component name “Train Model”
that help us to train a model. Train model component gets two input: one from the algorithm and
the other from the dataset (in our example from a split output node at the left side) see below
picture. Moreover, click on the train model components, and on the right side of the experiment in
properties (number 4), we have to specify the columns that we want to predict. In this example is

“Real Diagnosis”.
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Finally, we have to test the model. To test a model in Azure ML Studio, there is a component name
“Score Model". Search for it and drag and drop it into the experiment area. The scoring model
gets first input from train model component, that is a machine learning algorithm, and the right

side input from the split component the output for the testing dataset.
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| just created the same process for “two-class decision jungle and forest” (see below picture).

Now | am going to run the experiment, to see the result.
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after running the experiment, click on the output node of one of the scoring model and visualize
the dataset. In this dataset, you will see that we have 284 rows (that is the testing dataset), also you
will see that we have 13 columns instead of 11. the two other columns are for the result of

predictions as: Score Label and Score Probabilities.

The Score Label: show the prediction of the diagnosis for patients. The score Probabilities show the
probability of predictions. For instance, for the first row the prediction of the model was patient

with these laboratory result will be Benign with 50% probability
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In the next chapter, | will show How to evaluate the result of the prediction, how to try different
algorithm parameters using hyper tune parameters, and also how to check different dataset using

Cross-Validation.
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In the previous Chapters from Chapter 1 to 6, | have explained how to do machine learning

process.

The data cleaning such as SQL transformation, select specific columns, remove missing
values, Edit metadata, and normalize data. Also, | have explained how to find relevant
attributes using Feature Selection Feature to identify which feature is more important than the
other. Then | showed how to split data using Split Data component to train and test the model.

Then, | show how to train and test the model.

In this chapter, | will show how to evaluate the results and also how to interpret the evaluation

measures.
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So in the previous Chapter we came up with the below process. we create a model (see below

picture)

Cancer Prediction

Draft saved at 3:08:11 PM

Bl wiscbe datacsy
L ]

_—

;‘3‘“ Apply SQL Transformation
L

)

B Select Columns in Dataset
L 2

’
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/

[B] train Model [Z] Train Model
Score Model N N
& [ Score Model ]
(1)
S

| K &P n
SAVE AS DISCARD CHANGES RUN SET UP WEB PUBLISH TO
SERVICE GALLERY

Now we need to evaluate the model. There is a component name Evaluate Model. Just drag and
drop it to the experiment area (see below picture). Evaluate model has two input node. In this
experiment, we have two models, so we have two score model (as you can see in the below

picture). Then connect the output node of Score Model (Testing) to the input of Evaluate Model

(see number 2 and 3).
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Now let's check the Evaluate model components.

Right click on the output node of the Evaluate Model to see the result of the evaluation via
Visualize icon. You will see the below image right after. We have a chart below — the legend
shows to color as blue and red. The blue one is related to the left side algorithm (in our
experiment) and the red one related to the right side algorithm)used to check the performance of

a two-class algorithm.

In this chart the first chart is “ROC" is a receiver operating characteristic curve. The plot is used

to check the performance of the binary classification. We have two value in x and Y axis — true

Positive and False Positive Rate.
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But, what is True Positive and False Positive?

In a Two-Classification Problem, the prediction and real world scenario may have below situation.

The evaluation will look at the test dataset to compare the

True Positive: if values in the real world are 1 (for instance in our example, Benign) and out

algorithm correctly predict patients will Benign so we call it true positive (the higher number

better) ©)

False Negative: In the real world scenarios, the patient becomes Benign but in our

algorithm predict they will get Malignant. Which means in real case it is true but in Prediction it is

Negative. ()

False Positive: In a real-world scenario, the patient becomes Malignant but in our model, we

predict they are Benign which is incorrect so we call it False Positive. (=)

True Negative: In a real-world scenario, the patient becomes Malignant and our machine learning

pr3ediction is that they will become Malignant )

So in the ROC chart as below we are going to see the relation between True Positive and False
Positive. As you can see below picture, as the line close to the Y axis, it means that it has better

performance. That is below picture both charts have good performance.
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If you scroll down the evaluate model page, you will see the below picture . as you can see we

have some values that help us to evaluate the model's performance.

First we have the True Positive, False Negative, true negative and false positive value on the right

side of the page (below picture number 1).

Also we have some other measure for evaluating the model performance:

Accuracy: The accuracy is about the (3TP+>TN)/Total population

So in the below picture in number 2, you will see it is 93%. As much as accuracy higher better.

Recall: The recall is the YTP/(3TP+>FN). That measure how the model is good in predicting

the true positive cases comparing the total case that happen true. In our example it is 93%.
Precision: The precision is the YTP/(3TP+>FP) . in our example is 90%

F1 Score: The F1 Score is the Y2TP/(32TP+3FP+3FN) which is 91%.
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The bar chart for Threshold and AUC (the area under the ROC curve) shown in below picture. It
shows 94% which is great. The Threshold of 50 %. So it always good to have an AUC more than the

threshold, which means truer positive than False Positive.

Cancer Prediction » Evaluate Model » Evaluation results x
True Positive  False Negative Accuracy Precision Threshold | EEG— AUC
110 8 0.930 0.902 0.5 0.949
False Positive  True Negative Recall F1 Score
12 154 0.932 0.917

Positive Label Negative Label

Malignant Benign o

5 Positive Negative Fraction Above Accuracy F1 Proegion Recall Neg\re Negative Cumulative
Examples Examples Threshold Score Precision Recall AUC
(0.900,1.000] 100 5 0370 0919 0.897 0.952 0.847 0.899 0.970 0.000
(0.800,0.900] 4 o] 0.384 0933 0.916 0.954 0.881 0.920 0.970 0.000
(0.700,0.800] 2 2 0.398 0933 0.918 0938 0.898 0.930 0.958 oon
(0.600,0.700] 4 5 0.430 0930 0917 0.902 0.932 0.951 0928 0.038
(0.500,0.600] 1 4 0.447 0919 0.906 0.874 0.941 0.955 0.904 0.061
(0.400,0.500] 0 0 0.447 0919 0.906 0.874 0941 0.955 0.904 0.061
(0.300,0.400] 2 5 0.472 0.908 0.897 0.843 0.958 0.967 0873 0.082
(0.200,0.300] 2 9 0511 0.884 0875 0.793 0.975 0.978 0.819 0.142
(0.100,0.200] 0 18 0.574 0.820 0.819 0.706 0.975 0.975 07 0.247
(0.000,0.100] 3 18 1.000 0.415 0587 0.415 1.000 1.000 0.000 0.949

Overall, all two algorithms perform well.

As | have mentioned it, to enhance the performance algorithms, there are three main approaches:

1. it always recommend to run multiple algorithms to see which algorithms best fir the dataset

and able to predict the data better.
2. Do Cross Validation, to check the result of Machine Learning on each dataset sample

3. Check the different parameters for algorithms. Each algorithm has its parameters list, it is
important to find the best parameters that cause better performance. This can be done in Azure

ML Studio via Hyper Tuning Parameters.

In the next chapter, | will show how to enhance the performance of model via Cross Validation
and Hyper Tune Parameter Component.

75|Page


http://radacad.com/wp-content/uploads/2017/06/29.png

Azure Machine Learning Studio RADACAD

Chapter 8: Tune Parameters: Machine

Learning Prediction

Published Date: June 19, 2017

Leila Etaati-Free-Wor

rediction Properties Project e
4 Tune Model Hyperparameters (§)
Specify parameter sweeping mode

Maximum number of runs on random sweep

[s

Random seed
[o 5]

Label column

@ Two-Class Decision Forest
L ]

Selected columns:
Column names: Real diagnosis

| g Launch column selector

Metric for measuring performance for classification e

[Accuracy

Metric for measuring performance for regression e

‘ Mean absolute error

I ——

v v

(@ Tune Model Hyperparameters o
1) (2}

© 2

In the previous Chapters from Chapter 1 to 7, | have explained how to do machine learning with
Azure ML Studio. | have explained some of the main components in Azure ML Studio that helps us

to do data wrangling, train the model, feature selection and evaluating the result.

The data cleaning such as SQL transformation, select specific columns, remove missing
values, Edit metadata, and normalize data. Also, | have explained how to find relevant

attributes using Feature Selection Feature to identify which feature is more important than the
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other. Then, | showed how to split data using Split Data component to train and test the model.
Then, | show how to train and test the model. Moreover, in the last chapter | have explained the

evaluation process Evaluate Model.

In this chapter, | am going to show another way of enhancing the model as “Try Different
parameters”. Each algorithm has its parameters. Choosing the right Parameters for each dataset
and algorithms can improve accuracy. In Azure ML Studio, there is a component name “Tune

Hyper Parameters”. This component will help us to improve the accuracy better.

HH

HT Select Colur

{
@ Two-Class Decision Forest = .
. AT Edit Metadata
L ]

/

v

Eﬂm Normalize Data
o

—

\ 4

Q Filter Based Feature Selection
L ]

N

EE“ Split Data
L 4 L

v v

[@ Tune Model Hyperparameters J

(1) (2)
VA &/

“Tune Model Hyperparameters” get two inputs: one for data and for the aim of the training
model, which comes from the split data component, another one from the algorithm. This

component can be the replacement of the Train Model.

If you click on the component, on the right side of the experiment area, you will see the properties
panel. As you can see in the below picture, by clicking on the “Tune Model Hyperparameters”.

We have a couple of the parameters that we should set them up. The first parameter is about the
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method that we want to try different parameters value. In the below picture, first | have chosen the
“Random Sweep". It performs a set number of training iterations by randomly choosing a
parameter’s value. So, this component will try different parameter’s value randomly and train the
model based on them(Number 3). The second parameters to set up is (number 4) how to specify
the number of times we have to run the code. This helps us to identify with which parameters what

accuracy we will have.

Then in number 6, we have to specify the item we are going to train the model and identify which
column we are going to predict. For this example we choose “Real Diagnosis”. In number 7 and 8,
we have to specify the metric for measuring the model performance. If the problem is

classification, then we need to go for accuracy or recall measures. If the model is about predicting
a value and we using the regression models, then we should select one of the items from number

8 in the picture.

Leila Etaati-Free-Wor

rediction Properties Project e

4 Tune Model Hyperparameters (@)
Specify parameter sweeping mode

Maximum number of runs on random sweep

[s

Random seed
[ E5]

Label column

@ Twao-Class Decision Forest
L

Selected columns:
Column names: Real diagnosis

| g Launch column selector

Metric for measuring performance for classification a

[Accuracy

Metric for measuring performance for regression o

[ Mean absolute error

f

v -

(@ Tune Model Hyperparameters o
1) (2)

® 2

The other option is to test all the parameters against each other that means trying different
parameters combinations and identifying the best of them. We call this approach as trying “Entire

Grid". as you can see in the below picture in number 1, we select "Entire Grid” as the approach to
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find the best parameters. As you see here we are not to specify the number of times we run the

training model.

rediction Properties

4 Tune Model Hyperparameters

Specify parameter sweeping mode

Entire grid

Label column

Selected columns:
Column names: Real diagnosis

| a Launch column selector

Metric for measuring performance for classification a

@ Two-Class Decision Forest
L

Accuracy

Metric for measuring perfarmance for regression

Mean absolute error

f

[@ Tune Model Hyperparamerewo
1) (2)

W 2

Now, we set up the code, we are going just to run the experiment. After running the experiment
you will see we have two output for the “Tune model Hyperparameters”. The first output at the left
side has the dataset that shows the parameters value and relative accuracy to them (See below

picture).

As you can see in the below picture, the first4 first column is parameters for decision forest
algorithm that we have. Such as the number of sample per leaf, depth of the decision tree, number
of the decision tree. As you can see from the below picture, we have six other columns that shows
the accuracy, Precision, Recall, and so forth value that we got based on the selected parameters. So

it helps us to assign better parameters for our model.
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Cancer Prediction » Tune Model Hyperparameters » Sweep results
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The other output of the “Tune Model Hyperparameter” is to visualize of the decision tree (see

below picture). So you see the different models that have been trained.

Cancer Prediction » Tune Model Hyperparameters > Trained best model
ees constructed
4
L EE
55 dvan
Teay
o

e

= 100% 100% 67% 100%

O n—— ® =G Do

In the next chapter, | will talk about the “Cross Validation” component that is another way of

enhancing the accuracy by trying different datasets.

https://msdn.microsoft.com/library/azure/038d91b6-c2f2-42a1-9215-1f2c20ed 1b40
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Chapter 9: Cross Validation: Machine Learning

Prediction

Published Date: June 20, 2017

® [ = @ In the
previous Chapters (from Chapter 1 to Chapter7), | have explained the whole process of doing

machine learning inside the Azure ML Studio, from import data, data cleaning, feature selection,
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training models, testing models, and evaluating. In the last chapter, | have explained one of the
main ways of improving the algorithms performance name as “Tune the algorithm’s parameters”
using “Tune Model Hyperparameters”. In this chapter am going to show another way for

enhancing the performance using “Cross Validation”.

So what is Cross Validation?

Cross-Validation is a model validation technique for assessing how the results of the statistical
analysis will generalize to an independent data set. So we are applying the algorithms in a different
portion of the dataset to check the performance. So the process is 1. get the untrained dataset and
model 2. partition data into some folds and sub-datasets 3. applied the algorithms on this dataset
separately it helps us to see how algorithm perform for each dataset, also it helps us to identify the
quality of the data set and understand whether the model is susceptible to variations in the data.

So initially, we follow the below process. Just split the dataset into two separate datasets as below.

Data

4

Data for Test Data for Train

4

Model

One for Training and one for testing.
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Now we are going to divide our datasets into multiple folds as below picture. As you can see in the
below picture, | have five different datasets, which | applied a model to each of them to see what is

the performance on each dataset

Data

Data Data Data Data Data

‘JJ

Model I. Mﬂdel M-::ndel Mndel Model l
,

In Azure ML Studio, we able to do the Cross-Validation with the component with the same name
as "Cross Validation Model". Cross-Validation model works both for training and scoring (testing)

the model, so there is no need to add these components (See the below picture)
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can see in above picture, it gets one input from mode (decision forest) and the other input come

the data for training.
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By clicking on the “Cross Validation Model’ component, we will see a properties panel that has

just two parameters to set, the prediction column that is “real Diagnosis” and the Random

Properties  Project

4 Cross Validate Model
)‘_] Labal column
Selected columns:

Column names: Real dizgnosis

| Launch column szlactor

e

hd v Random seed
@ Tune Model Hyperparamete Lo
AE 552017 11:06:37 BM

B52017 11:06:41 BM
000:04.067

Finished

Nang

Wiew output log

l Cross Validate Model J
0 )

S \_J'o

Seed.
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We run the experiment, Then, by right click on the left side output node of Cross-Validation model

(below picture number 1), and click on the visualize icon, you will see the result for

prediction.

@ Cross Validate Model

v

The below windows will show up, as you can see in the first column, the fold number (dataset

number) is in Colum 1, and two last columns (column 13 and 14) show the prediction result and its

probability to happen.

Cancer Prediction > Cross Validate Model > Scored resuits

»

« Stafistics

4 Visualizations

= o

] | PR A U Lo b e b b L L.
% Benign o 0172668 o 0232396 0091845 0250319 0 Benign 0
8 Benign 0088625 0096867 008415 0143453 015093 0.025398 0017316 Benign 0
1 Benign 0244536 017268 0.03667 0227904 0083194 0237541 0144843 Benign 0
4 Benign 028134 0.204044 0143241 0.243867 0088478 0246533 0132471 0.066833 0075153 Benign 0
3 Benign 0503436 0129987 0235278 0182157 0. 0163861 008263 0534208 0481629 Benign 025
8 Benign 0240103 0.215897 007321 0.288093 0117553 03038 0173446 0. 0108946 Benign 0
3 Benign o1 0101997 0101243 0154861 0042248 015519 0075546 0.083903 0 Benign 0
z Benign 0347079 01898 0.220676 0221823 0030223 0225709 0118515 0123758 0109105 Benign 0
9 Benign 0429897 0317695 0175348 0352982 0170958 0368767 0222778 0171805 Malignant 0825
6 Malignant 0520613 0410827 0.508673 0274479 0506366 034791 0286182 Malignant 0875
9 Benign 0349828 0295284 0379656 0165086 0381419 0231559 0148243 Benign 025
2 Benign oossn 0062005 0083718 0105176 0027g2 0111318 005113 0063842 Benign 0
1 Malignant 0685511 0464117 0498012 0.519729 0307658 0.502579 0355037 041254 Malignant 1

clicking on the other output node of the cross-validated model, (number 2 in the previous
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picture), you will see the analysis for each dataset (see below picture) so for first column (Fold) we

have the dataset number or fold number, the second columns show the number of data in each

fold. By default, we have ten folds, but you can change it using the “Partition and Sampling”

component (will talk about it later in this chapter). The third column is about the model that we

run. From column 4 to 10, you can see the accuracy measures that show the performance of the

algorithms on each dataset. So as you look into accuracy in column 4, you will see that the value

ranges from 89 to 1 which good and shows the dataset is pretty

Cancer Prediction » Cross Validate Model > Evaluation results by fold
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you wish to specify the number of folds yourself, then you have to

Average Log Loss
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use the component name ”

Partition and Sample”. See the below picture. This component gets one input from the split

dataset and one output that has the data for cross-validation
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/ if you click on the component, you will

see the properties panel in the right side.
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As you see in
the above picture, there are some parameters that we able to assign. First for Cross-validation, |

have chosen the "Assign to Folds” value for partition and sample mode. Also | have ticked the
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option for "Random Split” to decrease the possibilities of biased data selection. And finally for
Specify number of folds to split | choose 5. so instead of 10 folds of data in cross-validation, now
we have five folds. Also there is a possibility to pass one data fold to cross-validation by selecting

“Pick Fold" as you can see in below picture

Properties Project 3

4 Partition and Sample

Partition or sample mode
[ Pick Fald |

Specify which fold to be zampled from
Lt |

O pick complement of the selected fold

so we have

below process
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can see in above picture, | have connected the output of the partition and sample to the input of

the cross-validation method. And | run the experiment, so | saw below data. | click on the first

column (fold assignment), and on the right side of the windows, There is a chart that shows the

summary of data. You see there that we have five folds now instead of 10.
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In the

next Chapters, | will talk about the creating web service from Azure ML Studio model, how we can

use it in Excel or other application. https://en.wikipedia.org/wiki/Cross-validation_(statistics)

https://msdn.microsoft.com/library/azure/75fb875d-6b86-4d46-8bcc-74261ade5826
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Chapter 10: Create Web service from Models

Published Date: February 27, 2019

In previous Chapters, | have explained how to create a machine learning scenario using Azure ML

Studio components.

One of the main advantages of using Azure ML Studio is the ability to create a web service from it.

That means the created model can be used in other services via an APl URL and Password.
In this chapter, | will show how to create an API for a predictive model.
In this chapter, we are going to use Titanic dataset for the aim of creating a web service.

We have a dataset about Titanic, that has information such as passenger class, age, gender and
people survived or not. Also, there is some other information such as passenger name and 1D

exists which we do not need them at this stage.

To access the Titanic Dataset, you can find it in all machine learning weblog and website such as

Kaggle [1].

Import the dataset and create the below model in Azure ML Studio Studio Experiment.
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ii;i titanic.csv
Select Age,
Sex,PClass, and
Survived g

wAn Sglect Columns in Datasst

|

w

w

:I_“H'I'I Split Data
@ Two-Class Decision Forest - T

v v

@ Train Model

‘\

w w

@ Score Model

As you can see in the above picture, there is a need to select only Survived, Age, Sex, and PClass

from all column list and for train model just Survived Column.
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2 GALLERY

after creating the model, you need to run it, then click on the Predictive Web Service to access the
web service. Next, (as you can see in the below picture, two different tabs exists one for
experiment and the other one for Predictive experiment. And we have two extra nodes one for the

input web service and another one for the output web service.
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run the experiment, however, there is a need to change the input and output of the web services.

Input Web service needs to get the input from users that is Age, Gender, and their PClass. For the
output is the same, end users need to see the prediction results which is Score and Score

Probabilities.

As a result, we need to change the model before creating the web service, remove the connection
between input web service and connect it to the input of the Score model, then customized the
select column node and remove the Survived column from the list (because for the input of the
web service, user just need to provide age, gender, and passenger class, not the survived

condition)
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Next, you need to modify the connection for the output as well, so delete the current connection
between the output node and, then add a new Column Selector node which selects only Score and
Score Probability. Then connect the input of the output web service to it (as shown in the below
picture). Then run the experiment again and click on the deploy web service at the bottom of the

page

Training experiment Predictive experiment

Titanic Model [Predictive Exp.] @)

‘Web service input

H"- titanic.csv
.
/ delete the link and in
;Em Select Columns in Dataset Select Column remove
’ the Survive

ML .
] Titanic Model [trained model]
»

—

@ Score Mode

delete the link and we need

to add another Select
column after Score e

‘Web service output

A H @ x

ALN HISTORY SANE DEFLOY WEB PUBLISH TO
SERWICE GALLERY
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Training experiment Predictive experiment
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) Web service input
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.
." Titanic Model [trained model]
.
\‘ \
@ Score Mode!
L“*‘————-——_._\
:::]
SEn Select Columns in Dataset
Web service output

RUN HISTORY

Now, a new page will show that provide some detail information about the web service.

In the new page you able to see the API code, the request and response link that shows how to set

up web service and also the Test button to see how web service work.

titanic model [predictive exp.]

DASHEOARD  CONFIGURATION

ion pravided for this web service.

Default Endpoint

AP HELP PAGE TEsT

e

APpS LAST UPDATED

1 G Excel 2010 or sarier workbook 272772019 90250 AN

workbook 272772019 00254 AM
—

click on the Test and see the result
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Test Titanic Model [Fredictve Exp.] Service

Enter data to predict

PCLASS

Titanic Maodel [Predictive Exp.]" test returned [*1°,717]...

as you can see in the above picture, you need to provide some information and at the bottom of

the page the result will show up.

In the next step, you able to analyze the data in Excel by clicking on the Excel 2013 or later. By
clicking a new Excel file with sample data will be download, enable the file and then click on the web

service name
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select the Use Sample Data, then under the input 1, choose the data range, then identify the

output range click on the Got it, Auto-predict and then Predict option to see the results.
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[1] Kaggle: https://www.kaggle.com/francksylla/titanic-machine-learning-from-disaster/data
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Upcoming Training Courses

Leila runs different Microsoft Machine Learning training courses both online and in
person. RADACAD also runs Power Bl and SQL Server courses ran by Reza Rad. Our

courses run both online and in person in major cities and countries around the
world. Check the schedule of upcoming courses here:

http://radacad.com/events

http://radacad.com/advanced-analytics-training
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