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Why should you 
personalize your 
application?



Images and expressions

Customized channels

Time-of-day ranking

Movie recommendations

Perèonaliïaéion iè eëerîìhere: DonĆé be lefé behind
P E R S O N A L I Z A T I O N  I S  N O W  I N C O R P O R A T E D  I N T O  E V E R Y  A S P E C T  O F  T H E  C U S T O M E R  E X P E R I E N C E



Improve customer engagement with your website, application, and content

Help customers discover products and services they need

Increase conversions through recommendations – movies, restaurants, music, etc.

Acquire new customers and retain existing customers

Increase revenue for your business

Personalization offers material business benefits
E V E R Ù B O D Ù đ S  T A S T E S ,  P R E F E R E N C E S ,  A N D  N E E D S  A R E  D I F F E R E N T



Adapt to changes 
in customer intent 
in real time

Generate 
recommendations 
for almost any 
product or content

Deliver high-quality 
recommendations

Train a 
recommendation 
model with a few 
clicks

Personalized recommendations
I M P R O V E  Y O U R  C U S T O M E R  E X P E R I E N C E  T H R O U G H  B E T T E R  R E C O M M E N D A T I O N S



Popularity trap 
Naȁve models give recommendations similar to popular items

Cold starts
New users should get relevant recommendations; new items should show in recommendations

Scale
Recommendations should scale across millions of users and items

Real-time
Personalization must be responsive to the changing user intent

Custom models are required
Personalization models must accurately reflect business context and user behavior

Challenges for building effective recommenders
M U L T I P L E  H A R D  P R O B L E M S  N E E D  T O  B E  A D D R E S S E D
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What are popular 
recommender algorithms?



Netflix prize (2006–2009)
E N S E M B L E  I N C L U D I N G  C O L L A B O R A T I V E  F I L T E R I N G  W I T H  M A T R I X  F A C T O R I Z A T I O N  W I N S  T H E  P R I Z E
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Generate recommendations using matrix factorization
F A C T O R  T H E  R A T I N G  M A T R I X  I N T O  S E P A R A T E  U S E R  A N D  I T E M  M A T R I C E S ;  P O P U L A T E  T H E  M I S S I N G  R A T I N G S
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Generate recommendations using matrix factorization
F A C T O R  T H E  R A T I N G  M A T R I X  I N T O  S E P A R A T E  U S E R  A N D  I T E M  M A T R I C E S ;  P O P U L A T E  T H E  M I S S I N G  R A T I N G S



𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒
𝑝, 𝑞 ෍

ሺ௨,௜ሻ஫ௌ

𝑟௨௜ െ 𝑝௨, 𝑞௜ ଶ

𝑝 ൌ User embedding

𝑞 ൌ Item embedding

𝑢 ൌ User index

𝑖 ൌ Item index

𝑆 ൌ Set of all ratings

𝑟௨௜ ൌ Rating in user െ itemmatrix at 𝑢, 𝑖

Matrix factorization optimization metrics
T H E  G O A L  O F  M A T R I X  F A C T O R I Z A T I O N  I S  T O  M I N I M I Z E  T H E  R O O T  M E A N  S Q U A R E D  E R R O R  ( R M S E )



Multitask recommender models
M O D E R N  A L G O R I T H M  T H A T  S I M U L T A N E O U S L Y  O P T I M I Z E S  M U L T I P L E  O B J E C T I V E S  D U R I N G  M O D E L  
T R A I N I N G

Use multiple types of user interactions to train a better recommender

The following 2 datasets are trained together:

1. Ratings explicit feedback; rating = 0.5 (worst) through 5.0 (best)

2. Watch event implicit feedback; watched = True or False

Variables are shared between the 2 tasks; allows for transfer learning

Note: We will demo this in a bit
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Why build recommender
models on AWS?



Amazon has deep recommender experience
O V E R  2 0  Y E A R S  O F  E X P E R I E N C E  I N  P E R S O N A L I Z A T I O N  A N D  R E C O M M E N D A T I O N  T E C H N I Q U E S



Amazon item-to-item collaborative filtering
I T E M - T O - I T E M  C O L L A B O R A T I V E  F I L T E R I N G  M A D E  P O P U L A R  I N  T H E  E A R L Y  2 0 0 0 s



Early investment in personalization made shopping easy and fun

Feature launched and patent filed in 1998

Early features such as ĈCustomers who bought this also bought that . . . ĉ

History of recommenders at Amazon
F I R S T  P E R S O N A L I Z E D  R E C O M M E N D A T I O N  E X P E R I E N C E  A T  A M A Z O N . C O M  U S I N G C O L L A B O R A T I V E  F I L T E R I N G



õ 2020, Amaïon Web Services, Inc. or its affiliates. All rights reserved.

Which options to train and 
tune recommender models 
with AWS?



Amazon SageMaker

• Build, train, and deploy your own ML 
models quickly using a visual IDE

• All tools required for ML in a single service

• Automated machine learning (AutoML) 
plus prebuilt models, algorithms, and 
solutions

• Fully managed for scalability, 
performance, and cost-effectiveness

• Makes it quick and easy for developers and 
builders to implement AI and improve 
business outcomes

• No ML experience required

Amazon Personalize

AWS machine learning services for personalization
A M A Z O N  P R O V I D E S  C U S T O M E R S  W I T H  C H O I C E S  F O R  I M P L E M E N T I N G  P E R S O N A L I Z A T I O N  S O L U T I O N S



SageMaker built-in algorithms
Easy-to-use and scalable model training and tuning

SageMaker processing jobs
Serverless Apache Spark processing and training clusters

SageMaker training and hyperparameter tuning jobs
Custom training and hyperparameter tuning with any framework

SageMaker Studio IDE
Fully managed notebooks for one-time model training

1

2

3

4

Options to train and tune model with SageMaker
C U S T O M E R S  H A V E  M A N Y  O P T I O N S  T O  B U I L D  R E C O M M E N D E R S  W I T H  A M A Z O N  S A G E M A K E R
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SageMaker Studio
Fully managed notebooks for 
one-time model training

1



SageMaker Studio IDE
I M M E D I A T E L Y  S E E  T H E  I M P A C T  O F  M O D E L  C H A N G E S  D I R E C T L Y  I N  Y O U R  B R O W S E R
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SageMaker built-in algorithms
Easy-to-use and scalable model 
training

2



Train on many instances

Tune your hyperparameters

Built-in algorithms
S A G E M A K E R  O F F E R S  O U T - O F - T H E - B O X  M A T R I X  F A C T O R I Z A T I O N  U S I N G  F A C T O R I Z A T I O N  M A C H I N E S
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SageMaker processing jobs
Serverless Apache Spark 
processing and training clusters

3



train_spark_als.py (Python script)train_spark_als.ipynb (notebook)

Serverless Apache Spark processing and training jobs
C U S T O M  A P A C H E  S P A R K  J O B S  I N C L U D I N G  A L T E R N A T I N G  L E A S T  S Q U A R E S  ( A L S )  M A T R I X  F A C T O R I Z A T I O N
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SageMaker training jobs
Custom training and 
hyperparameter tuning with any
framework

4



train.py (Python script)

train.ipynb (notebook)

Train a custom recommender with TensorFlow
C U S T O M  T E N S O R F L O W  S C R I P T  F O R  M A T R I X  F A C T O R I Z A T I O N  W I T H  U S E R  A N D  M O V I E  E M B E D D I N G S



optimize.ipynb (notebook)

Tune the TensorFlow recommender model
O P T I M I Z E  H Y P E R P A R A M E T E R S  W I T H  S A G E M A K E R  H Y P E R P A R A M E T E R  O P T I M I Z A T I O N  ( H P O )





õ 2020, Amaïon Web Services, Inc. or its affiliates. All rights reserved.

How can I scale to a million 
recommender models?



SageMaker 
notebooks Training 

algorithm

SageMaker
training

Amazon API
Gateway

Analyze & prepare

Training
data

Prediction
requests

Amazon S3

Amazon S3

Train & optimize Deploy & experiment

Raw
data

SageMaker 
processing jobs

Algorithm 
container

Trained 
model

Trained 
model

SageMaker
hyperparameter

optimization

User 
interactions

SageMaker Deep Learning 
containers

(multi-armed bandits and 
reinforcement learning)

SageMaker multi-model 
endpoints

Scale to a million models with end-to-end pipelines
T R A I N  A N D  D E P L O Y  A  R E C O M M E N D E R  M O D E L  S P E C I F I C  T O  E A C H  O F  Y O U R  M I L L I O N  C U S T O M E R S
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Summary



Amazon has 20 years of personalization and recommendation experience

AWS offers many options for a fully personalized user experience

SageMaker supports custom training and tuning with any AI / ML framework

Users choose the best option based on their environment and skillset

Scale to a million recommender models with end-to-end ML pipelines

Summary



AWS Blog
https://aws.amazon.com/blogs/machine-learning/real-time-music-
recommendations-for-new-users-with-amazon-sagemaker/

Samples
https://github.com/data-science-on-aws/workshop

Book
https://datascienceonaws.com

More information

https://aws.amazon.com/blogs/machine-learning/real-time-music-recommendations-for-new-users-with-amazon-sagemaker/
https://github.com/data-science-on-aws/workshop
https://datascienceonaws.com/


Thank you!
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