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BACKGROUND

• Recommendation Engines try to predict the 
preferences of the clients and provide items 
that are likely to be appealing to them.

• A recommendation system can be built using 
a variety of methods, such as a popularity-
based recommendation, a collaborative 
filtering approach (based on users and 
based on items), a content-based filtering 
approach, and a hybrid approach.



BACKGROUND

• The efficiency of the model can 
be evaluated based on the 
explicit feedback from the user 
ratings such as Mean Average 
Precision (MAP@K) and Mean 
Average Recall (MAR@K) and 
the recommendations keep 
improving based on the ratings 
received by the user.



PROBLEM FORMULATION

THE SPARSITY OF DATA AVAILABLE TO 
PRODUCE RECOMMENDATIONS: NOT ALL 
USERS/CUSTOMERS LISTEN TO ALL SONGS.

THE COMPUTATIONAL POWER OR 
ITERATIONS IT TAKES TO PRODUCE A 

RECOMMENDATION IS EXTENSIVE: NUMBER 
OF ITERATIONS = ΣALL_SONGS * 

ΣUSER_LISTENED_SONGS

THE EVALUATION METRICS: NOT FEASIBLE 
TO ACCUMULATE USERS FOR SURVEY/BETA 

TESTING.



OBJECTIVE
• Design a model to 

overcome sparsity in data 
when constructing 
similarity matrix.
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• Decrease computational 
intensity/number of 
iterations

2

• Come up with an 
implicit feedback 
approach to evaluate the 
model based on data 
in hand.
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METHODOLOGY OVERVIEW

Data Source - The dataset used for this project is the Million Song Dataset (MSD). Here, the core data focus is the 
Taste Profile Subset data provided by The Echo Nest.

Exploratory Data Analysis - A detailed analysis of the data is performed to have a better understanding of the data. 
Data is plotted to check for normal distribution and skewness/bias of data along with a probability plot to determine 
the measure of kurtosis.

Modeling - The algorithms developed are a popularity-based model, a similarity-based model constructing a 
cooccurrence matrix, matrix factorization-based approach using singular value decomposition.

Evaluation - Implicit feedback mechanism is designed and the measure used to compare these models is the 
cumulative probability of users listening to the recommendation provided.



BASELINE MODELS

Two baseline models are used to compare our 
proposed model:

• Popularity-based Recommendation: Returns and
introduces user to trendy music but lacks
customization

• Traditional Collaborative Filtering i.e., Similarity-
based Recommendation: Customizes the
recommendation as per user's taste but is time-
consuming



POPULARITY-BASED ENGINE

Algorithm Flow of Algorithm



POPULARITY-BASED ENGINE
Code Snippet



SIMILARITY-BASED 
ENGINE



SIMILARITY-BASED ENGINE
Whiteboard Explanation



PROPOSED MODEL
Matrix Factorization using Singular Value 
Decomposition:

• Matrix factorization decomposes matrix into 
constituents which when multiplied returns 
original matrix.

• Can be used to find Latent Factors between two 
entities.

So, what are latent factors?



PROPOSED MODEL
Goal is to construct two matrices X and Y such 
that their product (matrix multiplication) 
roughly approximates R, assuming that the 
procedure assists in the identification of latent 
factors/features, denoted as K.

• X = |U| x K matrix (A matrix with dimensions 
of num_users * factors)

• Y = |P| x K matrix (A matrix with dimensions 
of factors * num_songs)



MATRIX FACTORIZATION-BASED ENGINE
Whiteboard Explanation



Singular Value Decomposition
Given some input matrix M, the formula for SVD can be outlined as seen below:

M : An m x n matrix which you want to decompose

U : An m x m complex unitary matrix (left singular vectors)

Σ : An m x n rectangular diagonal matrix (holds the eigenvalues)

V : An n x n complex unitary matrix (right singular vectors)

Step 1: Transform the matrix M into a square matrix by multiplying it by its transpose: M*Mᵀ
Step 2: Calculate the eigenvalues & eigenvectors of matrix M*Mᵀ. The results of this will correspond to the Σ and U
matrices.

Step 3: Solve for V by using the following formula: V = 1/Σ * Mᵀ * U



MATRIX FACTORIZATION-BASED ENGINE



EVALUATION METRICS

The cumulative probability of a given recommendation model can 
be determined by calculating the sum of all top n recommended 

songs that are the output of a given recommendation model.



IMPLEMENTATION



SIMULATIONS



SIMULATIONS



OBSERVATIONS AND RESULTS



OBSERVATIONS AND RESULTS



REFLECTIONS

• Popularity-based: lacks customization

• Similarity-based: time-consuming

• Matrix factorization-based: quick and has 
customization

To be noted:

Possibility of overfitting in matrix factorization-
based, so number of latent factors must be 
optimal



FUTURE SCOPE

• Come up with a weighted metrics 
based on positioning of the 
recommendation.

• Compare and contrast several 
matrix factorization techniques
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THANK YOU!
ANY QUESTIONS/SUGGESTIONS?


