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Introduction to Machine Learning



I n t r o d u c t i o n  t o  M a c h i n e  L e a r n i n g

Section 1: What is machine learning ?

© 2020, Amazon Web Services, Inc. or its Affiliates. All rights reserved.



Artificial intelligence, machine learning, and 
deep learning
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Artificial intelligence

Machine learning

Deep learning
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Artificial intelligence
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Machine learning

Machine learning is the scientific study of algorithms and statistical models 
to perform a task using inference instead of instructions.
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Machine learning flow
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Deep learning
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ML and technology advancements
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Traditional 
computing

Modern machine
learning

Cloud computing and 
Moore’s law



Section 1 key 
takeaways

! Artificial intelligence
! Machines performing human tasks

! Machine learning
! Training models to make predictions

! Deep learning
! Neural networks

! Technology and economic 
advancements have made machine 
learning more accessible to 
individuals and organizations
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I n t r o d u c t i o n  t o  M a c h i n e  L e a r n i n g

Section 2: Business problems solved with machine 
learning
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Common business use cases
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Spam versus 
regular email

Recommendations Fraud
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Types of machine learning
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Machine 
learning

Reinforcement
learning

Unsupervised
learning

Supervised
learning



Supervised learning
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! Fraud detection
! Image recognition
! Customer retention
! Medical diagnostics
! Personalized advertising

! Product sales prediction
! Weather forecasting
! Market forecasting
! Population growth prediction

Supervised
learning

Regression

Learn by identifying patterns in data that is !"#$!%&'"!($"$%.

Classification
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Computer vision
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Unsupervised learning
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! Product recommendations
! Customer segmentation
! Targeted marketing
! Medical diagnostics

! Visualization
! Natural language processing
! Data structure discovery
! Gene sequencing

Unsupervised
learning

Clustering

Dimensionality
reduction

The machine must uncover and create the labels itself. 



Natural language processing
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Reinforcement learning
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Reinforcement
learning

! Game AI
! Self-driving cars
! Robotics
! Customer service routing 

Learning through trial and error.

AWS DeepRacer

G
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Best when the desired outcome is known but the 
exact path to achieving it is not known.



Self-driving vehicles
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When to use machine learning?

! Large datasets, large number of variables

! Lack of clear procedures to obtain the solution
! Existing machine learning expertise

! Infrastructure already in place to support ML

! Management support for ML
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Use machine learning when you have:
Classical programming approach
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Section 2 key 
takeaways

! Machine learning applications affect 
everyday life

! Machine learning can be grouped 
into –

! Supervised learning
! Unsupervised learning
! Reinforcement learning

! Most problems are supervised 
learning
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I n t r o d u c t i o n  t o  M a c h i n e  L e a r n i n g

Section 3: Machine learning process 
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ML pipeline: Business problem
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ML pipeline: Data preparation
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Data handling and cleaning
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ML pipeline: Iterative model training
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ML pipeline: Feature engineering

© 2020, Amazon Web Services, Inc. or its Affiliates. All rights reserved. 24

$"%& 0-1 02 3&. "4& /% !(5 #"+4&#

B%&>-"$0B(# 2 4 2 VM 7 W 4V23222

!-6+(0O-)'(? 4 2 2 W4 44 N NK3222

*-"/0*-Q(" 4 2 4 TN XUX 2 4PN3222

U")-R0,#?-% 4 2 2 WK 7 V 4223222

$"%& '()*#+, -&. !(/

B%&>-"$0B(# IJ *-+# 4KL7L4MN7

!-6+(0O-)'(? *-+# 44L7L4MPM

*"?A0*-"/0*-Q(" ,#)R#" S TN

,#?-%30U")-R IOU * 7L77L4MP7 !



ML pipeline: Model training
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ML pipeline: Evaluating and tuning the model
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Overfitting and underfitting
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ML pipeline: Deployment

© 2020, Amazon Web Services, Inc. or its Affiliates. All rights reserved. 28

B$11"#*(3&'(
138"1('3*3 C43173*"('3*3

D"3*7-"(
"&;)&""-)&;

E"1"#*(3&'(*-3)&(
%$'"1 C43173*"(%$'"1

J"51$.(%$'"1

F7&"(%$'"1

I"9('3*3O(-"*-3)&)&;

,-$81"%(
>$-%713*)$&

?7+)&"++(5-$81"%

P"+

G""*+(
87+)&"++(

;$31H

I$
D"3*7-"(37;%"&*3*)$&

J3*3(37;%"&*3*)$&



Section 3 key 
takeaways

! Machine learning pipeline guides 
you through the process of 
evaluating and training a model

! Iterative process of –
! Data processing
! Training
! Evaluation
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I n t r o d u c t i o n  t o  M a c h i n e  L e a r n i n g

Section 4: Machine learning tools overview
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Python tools and libraries

! Jupyter Notebook
! JupyterLab

! pandas
! Matplotlib
! Seaborn
! NumPy
! scikit-learn
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Machine learning frameworks and 
infrastructure 

Machine learning frameworks provide 
tools and code libraries:

! Customized scripting 
! Integration with AWS services
! Community of developers 

Amazon instances that are designed for 
machine learning applications:

! AWS IoT Greengrass provides an 
infrastructure for building machine learning 
for IoT devices

! Amazon Elastic Inference reduces costs for 
running machine learning applications
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Amazon SageMaker

© 2020, Amazon Web Services, Inc. or its Affiliates. All rights reserved. 33

Ground Truth
E"*(75(3&'(%3&3;"(
138"1)&;(W$8+(>$-(
2);21.(3##7-3*"(
*-3)&)&;('3*3+"*+(8.(
7+)&;(3#*)4"(1"3-&)&;(
3&'(27%3&(138"1)&;/

Notebook
,-$4)'"(KTE(3&'(
E3;"G3:"-(EJX+(3&'(
+3%51"(&$*"8$$:+(*$(
#-"3*"(*-3)&)&;(W$8+(
3&'('"51$.(%$'"1+/

Training
F-3)&(3&'(*7&"(
%$'"1+(3*(3&.(+#31"/(
<+"(2);2Y
5"->$-%3&#"(KTE(
31;$-)*2%+O($-(8-)&;(
.$7-($9&/

Inference
B-"3*"(%$'"1+(>-$%(
*-3)&)&;(W$8+O($-()%5$-*(
"=*"-&31(%$'"1+(>$-(
2$+*)&;(+$(.$7(#3&(-7&(
)&>"-"&#"+($&(&"9('3*3/

AWS Marketplace
D)&'O(87.O(3&'('"51$.(
-"3'. Y*$Y7+"(%$'"1(
53#:3;"+O(31;$-)*2%+O(
3&'('3*3(5-$'7#*+()&(
KTE(G3-:"*513#"/



Machine learning managed services

These managed services don’t require ML experience.
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Section 4 key 
takeaways

! Python is the most popular ML 
language

! Jupyter Notebooks
! Many open-source tools
! Frameworks and services for all 

requirements
! Low-level frameworks
! Amazon SageMaker
! Managed ML services
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I n t r o d u c t i o n  t o  M a c h i n e  L e a r n i n g

Section 5: Machine learning challenges
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Machine learning challenges
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! Poor quality
! Non-representative
! Insufficient
! Overfitting and underfitting Users

! Lack of data science expertise
! Cost of staffing with data scientists
! Lack of management support

Business

Data

! Complexity in formulating questions
! Explaining models to the business
! Cost of building systems

Technology

! Data privacy issues
! Tool selection can be complicated
! Integration with other systems



Using existing models and services
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! Use existing trained and tuned models
! Enhance with domain-specific instances

! Amazon ML managed services
! No ML experience needed
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! Over 250 ML model packages and algorithms
! Over 14 industry segments

You Only Look 
Once

(YOLO)
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Section 5 key 
takeaways

! Machine learning challenges
! Data
! People
! Business
! Technology

! Managed services simplify machine 
learning
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Module takeaways
! Machine learning is a subset of artificial intelligence

! *-&>%)#0+#-")%)C0-@@+%#?0+#-")%)C0-+C("%'>D?0'(0
$#R#+(@0D($#+?0E"(D0+-"C#0$-'-?#'?

! The machine learning pipeline describes the 
different stages for developing a machine learning 
application

! The Amazon Machine Learning stack has three key 
layers 
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! Machine learning development is different from 
traditional development
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Implementing a Machine Learning 
Pipeline with 
Amazon SageMaker

A W S  A c a d e m y  M a c h i n e  L e a r n i n g  F o u n d a t i o n s
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Machine learning pipeline
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How should you frame this problem?

! Is the problem a machine learning problem?
! Is the problem supervised or unsupervised?
! What is the target to predict?
! Do you have access to the data?
! What is the minimum performance?
! How would you solve this problem manually?
! What’s the simplest solution?

Reinforcement
learning

Unsupervised
learning

Supervised
learning
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Machine learning pipeline
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Data sources

! Private data: Data that customers create
! Commercial data: AWS Data Exchange, AWS Marketplace, and other 

external providers
! Open-source data: Data that is publicly available (check for limits on usage)

! Kaggle
! World Health Organization
! U.S. Census Bureau
! National Oceanic and Atmospheric Administration (U.S.)
! UC Irvine Machine Learning Repository
! AWS
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Observations

ML problems need a lot of data—also called observations— where 
the target answer or prediction is already known. 
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Storing data in AWS
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Extract, transform, load (ETL)
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ETL with AWS Glue

! Runs the ETL process

! Crawls data sources to create catalogs that other 
systems can query

! ML functionality

AWS Glue can !"#$ %&!$%'$(different datasets and emit a single endpoint 
that can queried.
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ETL with Python

import boto3, requests, zipfile, os, io
url = 'http://url.com/somezipfile.zipÔ
folder='./extractsÔ

r = requests.get(url, stream=True)
thezip = zipfile.ZipFile(io.BytesIO(r.content))
thezip.extractall(folder)

s3 = boto3.client('s3')
bucket = 'bucketname'

with os.scandir(folder) as dir:
for f in dir:

if f.is_file():
s3.upload_file(

Filename=os.path.join(folder,f.name),
Key=f.name, Bucket=bucket)

Imports and variables

Download and extract

Upload to Amazon S3
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Machine learning pipeline
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Format data

Examine data types

Perform descriptive statistics

Visualize data
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You must understand your data

Before you can run statistics on your data, you must ensure that it’s in the 
right format for analysis. 
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Customer Date of 
Transaction Vendor Charge

Amount
Was This 
Fraud?

ABC 10/5 Store 1 10.99 No

DEF 10/5 Store 2 99.99 Yes

GHI 10/5 Store 2 15.00 No

JKL 10/6 Store 2 99.99 ?

MNO 10/6 Store 1 99.99 Yes
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Loading data into pandas

import pandas as pd

url = "https://somewhere.com/winequality - red.csv"

df_wine = pd.read_csv(url,';')

! Reformats data into tabular representation (DataFrame)

! Converts common formats like comma-separated values (CSV), JavaScript 
Object Notation (JSON), Excel, Pickle, and others
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pandas DataFrame

df_wine.head(5)

df_wine.shape

Number of instances

Number of attributes

Columns/Attributes
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Index and column names

df_wine.columns

df_wine.index

Index(['fixed acidity', 'volatile acidity', 'citric acid', 'residual sugar', 
'chlorides', 'free sulfur dioxide', 'total sulfur dioxide', 'density', 
'pH', 'sulphates', 'alcohol', 'quality'], 
dtype='object') 

RangeIndex(start=0, stop=1599, step=1) 
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DataFrame schema

df_wine.info()df_wine.dtypes
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Descriptive statistics
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Statistical characteristics

df_wine.describe()

!"#$%&
'("%")*

+,-')"-$&
'("%")* (")."(&'("%

.$/"%0'-&
/01'. (2-,."%$/

!.$$&
/0-!0.&
%",#"%$

),)'-&
/0-!0.&
%",#"%$

34 /0-32')$/ '-(,2,- 50'-")*

#$7&* ASaa/cc ASaa/cc ASaa/cc ASaa/cc ASaa/cc ASaa/cc ASaa/cc ASaa/cc ASaa/cc ASaa/cc ASaa/cc

%"3& d/RQ c/SR c/Qb Q/S\ c/ca AS/db \[/\b R/RA c/[[ Ac/\Q S/[\

+*' A/b\ c/Ad c/Aa A/\A c/cS Ac/\[ RQ/ac c/AS c/Ab A/cb c/dA

%)& \/[c c/AQ c/cc c/ac c/cA A/cc [/cc Q/b\ c/RR d/\c R/cc
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%3= AS/ac A/Sd A/cc AS/Sc c/[A bQ/cc Qda/cc \/cA Q/cc A\/ac d/cc
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Plotting attribute statistics

df_wine[ÔsulphatesÕ].hist(bins=10)

df_wine[Ôsulphates'].plot.kde()

df_wine[ÔsulphatesÕ].plot.box()

© 2020, Amazon Web Services, Inc. or its Affiliates. All rights reserved. 59



Plotting multivariate statistics

df_wine.plot.scatter(
x='alcohol', 
y='sulphates')

pd.plotting.scatter_matrix(
df_wine[['citric acid',

'alcohol',
'sulphates']])
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Machine learning pipeline

B$11"#*(3&'(
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Feature selection and extraction

Feature Selection

! ! !
Feature Extraction
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Feature extraction

! U&431)'(4317"+

! T-$&;(>$-%3*+

! G)++5"11)&;

! J751)#3*"+

! B$&+)+*"&#.

! !"+#31"

! C&#$'"(#3*";$-)"+

! !"%$4"($7*1)"-+

! !"3++);&($7*1)"-+(

! ?7#:"*)&;

! J"#$%5$+)*)$&

! K;;-";3*)$&

! B$%8)&3*)$&

! F-3&+>$-%3*)$&

! I$-%31)V3*)$&

! J)%"&+)$&31)*.(-"'7#*)$&
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Machine learning pipeline
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File formats for machine learning

*.csv *.rec Protobuf
recordIO

JSON 
linestext
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Formatting the data for an algorithm

When you use CSV format, use the first column as the target variable.

6"+4&# 7&"#)+&8 7&"#)+&9: 7&"#)+&9; 7&"#)+&9< 7&"#)+&9= !

7 KATM M7AT 4 2 W !

T NAK7 724ATM 2 4 T !

T 7ATM 7VWA74 2 2 42 !

7 KAVK 4KTAM7 4 4 4 !

4 WAK2 7KA7 2 4 4 !

*.csv
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Why split the data?

All data that 
is used for 

training and 
evaluation

Overfitting

>

?
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Holdout method

80% - Training data

10% - Validation data

10% - Test data
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K-fold cross validation

H"-%)

H"-%)

H"-%)

H"-%)

H#?'

H"-%)

H"-%)

H"-%)

H#?'

H"-%)

H"-%)

H"-%)

H#?'

H"-%)

H"-%)

H"-%)

H#?'

H"-%)

H"-%)

H"-%)

H#?'

H"-%)

H"-%)

H"-%)

H"-%)

Model 1 Model 2 Model 3 Model 4 Model 5

k = 5
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Shuffle your data

k6-+%'/ S%g#$0-&%$%'/ ?6+@>-'#?

T NA7 2AWP

T NA7 2APK

V NAK 2APW

V NAK 2APW

V Y Y

W Y Y

W Y Y

W Y Y

P Y Y

P Y Y

Training data

Test data

© 2020, Amazon Web Services, Inc. or its Affiliates. All rights reserved. 70



Training models with Amazon SageMaker

Amazon SageMaker provides ML algorithms that are 
optimized for speed, scale, and accuracy.

UD-c()0O-C#*-<#"0
f6%+'l%)0-+C("%'>D?

UD-c()0O-C#*-<#"0
?6@@("'#$0E"-D#=("<?

UD-c()0O-C#*-<#"0
&6?'(D0E"-D#=("<?

U\O0*-"<#'@+-&#0
-+C("%'>D?
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Amazon SageMaker built-in algorithms

E5"#)31)V"'h73&*)*3*)4"
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E"Z7"&#"Y*$Y
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I"7-31(F$5)#(
G$'"1(eIFGf
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LM?$$+*

0)&"3-(1"3-&"-
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Machine learning pipeline
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Is your model ready to deploy?

Trained Tuned Tested

© 2020, Amazon Web Services, Inc. or its Affiliates. All rights reserved. 74



Deployment options

Two options for 
deployment

Amazon SageMaker hosting services

Batch transform
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Machine learning pipeline
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Evaluation determines how well your model 
predicts the target on future data

80% – Training data

10% – Validation data

10% – Test data7#"*(/.$,/%$#+,52,*(-/6$
7-$#+,52,*#$*0#$)'#%(&*(+#$
82,5(*1$-4$*0#$*',(/#%$9-%#5
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Machine learning pipeline
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Recap: Goal for models

Balanced and generalizes well
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Tuning hyperparameters

However, this approach is often not as thorough 
or efficient as needed

!"#$"%%&select hyperparameters 
according to one’s intuition or 

experience
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Amazon SageMaker offers 
automated hyperparameter tuning

Clients 
(console, notebook, 

IDEs, AWS CLI)

Hyperparameter 
tuning job

Tuning strategy

Objective metric: 
Area under the 

curve

Training job

Training job

Training job
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