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Abstract

Objectives: The purpose of the present investigation is to build a contextual
recommendation framework based on user history and proven machine
learning algorithms to improve user experience. New OTT entrants can adopt
the findings to create their recommendation system or monetize it for other
providers. Methods: It follows a hybrid approach where standard, proven
algorithms used by large OTT providers and other researchers are evaluated
using open-source technologies on the MovieLens-1M dataset. The proposed
model describes additional factors like user feedback, contextual search and
key performance indicators to evaluate the recommendation framework for
improved user experience. Findings: As per the findings, a hybrid framework
of Content-Based Filtering, Collaborative Filtering (CF), SVD++ and RBM can
provide 80% of the tray requirements of modern OTT platforms. By using open-
source libraries and various optimization techniques not only we can achieve
a lower error rate, but we can improve user experience by considering other
factors like novelty, diversity etc. Novelty and application: The manuscript
provides the minimal set of algorithms that can provide the maximum tray
requirement of any OTT platform, along with key performance indicators. It
also describes contextual time-based tags generated from a sample video,
which can be searched by the user in near real time. The proposed service-
based framework once implemented, can also be passed to other providers
for monetization.

Keywords: Recommendation; OTT; Contextual Search; Content Based
Filtering; CF; SVD

1 Introduction

OTT is growing at a very fast pace?), and it’s imperative to keep users engaged with
the platform. Most of the OTT platforms like Netflix, Amazon Prime, Jio Hotstar, etc.,
provide video on demand (VOD) services and earn their revenue either via subscription
(SVOD) or advertisement (AVOD). To keep users engaged to the platform, providers
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have to offer the best of the best content, but it’s also critical to provide them recommendations on top of the existing content
they have. There are multiple machine learning algorithms like content-based filtering (CF)®, matrix factorization using
Singular Value Decomposition (SVD)®-®) and collaborative filtering® which can help to generate recommendations for
different trays. A content-based filtering technique can generate recommendations on specific content metadata like genre,
cast, language, etc. by filtering content metadata and filling in the trays like comedy, horror, action, etc. as illustrated by Sahu S.
et al.©®, Collaborative filtering works on the principle of other users, like the specific user for whom the recommendation is to
be generated. It can be a user-to-user relation or item-to-item relation and can fill in the trays like “as other users watched”
or “as you watched <<movie>>". Advanced deep learning algorithms using Restricted Boltzmann Machine” (RBM) and
Autoencoders®-® can also be used to generate recommendations. Subsequent sections describe the outcome of implementing
these algorithms.

2 Methodology

2.1 Proposed Framework

The research aims to introduce a movie recommendation framework that can provide an improved user experience to users.
The proposed framework also gives insight into achieving features provided by large OTT enterprises by using a minimal set of
machine learning algorithms. It also provides various evaluation criteria that need to be considered while designing an efficient
recommendation system for viewers. The proposed recommendation framework (Figure 1) is built and evaluated using existing
open-source Python libraries which can be adapted by new entrants with minimal cost, without any vendor lock-in, like relying
upon GenAl services provided by large cloud providers.

Genre Cast  Awards :
Content Filtering ]7 —’[ Top N Movies ]— —:
Similarit 1
Language Score Y \
. 1
Optimization . . 1
Nearest Matrix <<Action>> Movies ]— \
Neighbors Factorization :
e . msd Trained Models |
Coltaborative Filtering cosine As Service .CHR —O‘ Popular Movies ]— -
Initial User-User Item-Ttem ’ RMSE :
Dataset Collaborative  Collaborative @ MAE 1
Filtering Filterin . . !
& Model Performance Trending Movies ':
Evaluation 1
Restricted 1
Bolt: Machi HR !
Hyperparameter ’ —»[ Based on Other User ]— -:
Deep Neural Networks Optimization . ARHR .
Autoencoders @ Diversity :
:C“ve“‘ge —»[ IMDB Top Rated ]— -
[ Content Management System ]4—1 Novelty 1
User Actions :
& Search | Contextual Model 1
Events DB . Because U Watched -1
As Service \
1
1
—»[ Tailored For You ]— —:
User Feedback, User Click Action, User Search .
i@ &! b
Will Show More Won’t Suggest Want To Watch More Like This

Fig 1. Proposed recommendation framework with contextual input and feedback loop

The framework proposed in Figure 1 follows a hybrid approach to fulfil the required tray listing shown on the user interface
of the OTT platform as thumbnails. Not only is it able to recommend tray items, but it also keeps capturing user actions like
clicking on a thumbnail, searching for content etc. These user events are periodically stored and processed against the content
management system to recommend additional trays like “Tailored for You” to provide user-specific recommendations based
on browsing history. The detailed evaluation and finalization of specific algorithms to fulfil the tray requirement is described in
detail in the following sections.
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2.1.1. Key Performance Measures

We will use a hybrid approach by combining multiple models to build a recommendation system, but how much it’s relevant to
user in real life scenario is a challenge. A recommendation system should be effective enough to engage users for longer duration
with the platform. The traditional way of effectiveness of a model is judged by finding out mean absolute error (MAE) and root
mean square error (RMSE) as computable from Equations (1 and 2) respectively. The lower these values its better, and the
model is considered good. But the true effectiveness of recommendation system is dependent on other supporting metrics®)
as explained in Equations (3 to 6).

" .
Mean Absolute Error (MAE) = M (1)
n
n 2
Root Mean Square Error (RMSE) = M )
n

total no of hits for all users

Hit Rate (HR) = 3
it Rate (HR) toal no of usersin the test set ®
n 1
- - - 4
Average Reciprocal Hit Rate (ARHR) = rank of fZTS_t hit for user i @
total no of users in the test set
Cumulative Hit Rate (cHR) — no of users with at least one co.rrect recommendation )
total no of usersin test set
. . number of hits
Rating Hit Rate (rHR) = (6)

total no of users in test set

HR measures the percentage of users for whom the recommendation system provides at least one relevant movie in the top N
recommendations. ARHR determines the rank at which the first hit occurs for each user. Recommendation is considered good
if the hit occurs at top slot rather than the bottom slot. cHR measures the proportion of users for whom the recommendation
system has made at least one correct recommendation within a given list of reccommendations based on some threshold value
or rating. RHR measures effectiveness at suggesting movies that align with the user’s tastes.

Coverage is a metric that measures the extent to which the system can provide recommendations for a diverse set of items
in the catalogue. Catalogue Coverage (CC) and User Coverage (UC) as given in Equations (7 and 8) measures the proportion
of unique items from the entire catalogue that recommender system can recommend and the proportion of users for whom the
recommender system can provide personalized recommendations, respectively.

no of unique recommended items

Catalogue Coverage (CC) = (7)

total no of unique items in the catalog

number of users with recommendation
User Coverage (UC) = - (8)
total no of users in the system

Diversity is a metric that covers how many possible variations the recommendation system provides. It’s the opposite to
similarity, and high diversity may not be treated as good Diversity = 1 — S, S = average similarity between recommended pairs
as computed in Equation (9). Novelty, as computed by Equation (10) determines the mean popularity rank of recommended
items and, if recommended properly, can address the niche requirement of a user.

Similarity (S) = otal similarity

)

total no of items
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total ranking
Novelty =

10
total no of items (10)

The above metrics, as given in Equations (1 to 10), can be used to evaluate top recommendations either individually or via
a weighted model as per the needs and preferences of the OTT provider. In this paper, we have considered it individually to

judge the effectiveness of the reccommended system. Similarities used by Nearest Neighbours are computed by various distance
measures as mentioned in Equations (11 to 14).

Cosine Similarity (x,y) =

NN ()

5, (@~ )y~ 7))
V@22 Y, -9

Adjusted Cosine Similarity (x,y) = (12)

> (@ —i)(y; —1)) (13)
VE 1) VE 1)’

Pearson Similarity (x,y) =

2
Zie I (z;—y;) 1
Mean Square Dift. (MSD) (x,y) = oy , MSD Similarity (x,y) = ————— (14)

1| MSD(z,y)+1

2.1.2. Datasets Used

The experimentation involves the pre-processing of the sample dataset to ensure uniformity, making it compatible with the
proposed framework, and accommodating diverse data sources. Notably, the MovieLens 1 and IMDB ) datasets undergo
a pre-processing stage to bring them into a common format. It's worth noting that the IMDB dataset lacks user information,
rendering user-to-user collaborative filtering (CF) infeasible with this data source. Consequently, we adopt the MovieLens-1m
dataset as our base for evaluating all models, ensuring a comprehensive assessment of their performance and capabilities.

2.1.3. Parameter Discussion

In content-based filtering, genres like animation, comedy, adventure, etc. are used to find similar movies. This is the simplest
of all models, where based on available movie metadata and the user’s previous watch history, top movies are recommended
based on sorted values of movie ratings. CF uses the user and movie matrix using rating and movie datasets. In user-based
CE similarity between users is calculated using the nearest neighbour algorithm. A similar principle is also followed by item-
based CF where similar movies are determined based on their ratings in place of users. In matrix factorisation techniques,
sparse metrics are created, and the evaluation is done based on their accuracy scores. Various models like SVD and SVD++ are
evaluated and compared with a custom implementation. As CF involves a lot of computation for calculating the similarity of each
user or movie, CPU and memory overhead are calculated to give a proportional view of the computation and memory involved
while running the models. Standard deep learning recommendation models like RBM and Auto-encoders are also evaluated
by creating training sets, test sets and anti-train sets. The model is also evaluated by following the leave-one-out principle to
check if the recommendation system can predict the known left item as part of its recommendation. While training the model
using custom code, the latent dimension values of 20 is considered as per standard practice. A standard epoch of 20 is chosen,
which can provide the minimum loss function values as shown in the subsequent graph. In auto-adjusted SVD, auto-tuning
algorithms are used to find out the maximum accuracy with a learning rate between 0.005 and 0.01, epoch between 20 and 30
and number of latent features between 50 and 100. A threshold value of 4.0 is used in content and CF to reduce unnecessary
computation and provide recommendations with better movie ratings.
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2.2 Analyzing OTT Platform

One of the major ways to keep users engaged to the platform is by recommending other content available on the platform. OTT
vendors like Netflix, Amazon Prime, and YouTube spend huge money to build recommendation platforms using both traditional
machine learning and deep learning models. These types of systems are too costly to build and need a lot of experience and
effort, which is very difficult to achieve for a new entrant. Along with this, whether the recommendation built is achieving its
objective and does it really provide good recommendation is still a challenge, and there is no best way to confirm the same.

2.2.1. OTT Feature Tray Comparison

Prior to assessing various recommendation techniques, it’s essential to gain insight into the diverse recommendation strategies
employed by leading OTT channels in India, such as Netflix, Amazon Prime, HotStar, and SonyLiv. Our analysis, as presented
in Table 1, reveals that most of these OTT platforms incorporate a hybrid approach that combines content-based and CF
techniques, with top-n recommender systems being prevalent across the board. The recommendations are generated either
specific to Genre or because you have watched specific content or someone like you have watched. Final proposed model will
be compared at last to check the feasibility of achieving all these features or trays.

Table 1. Top Indian OTT platforms real recommendation types for TV

OTT Trays
Provider
Netflix Top 10 Movies in India Today, Exciting Movies, Continue Watching, Trending Now, New Releases, <<Genre>> Movies,

Top Searches, only on Netflix, Because You Liked X, <<Language>> Movies, <<Age>> Movies, Popular in Netflix,
Because you watched X, Watch Again
Amazon Prime Top 10 in India, Prime Recommended Movies, Continue Watching, Only Spotlight, Prime Recently Added
Prime Video Movies, Prime <<Genres>>, Prime Top-rated TV Shows on IMDB, Prime Watch in Your Language, Prime <<Age>>
Movies, Discovery+: Most Popular, Prime Because you watched X, Watch It Again

JioHotstar Top 10 in India Today, Latest Releases, Popular Movies, Watchlist, Non-Stop Sports, Top Rated in IMDB, Exclusive
Indian Movies, Global English Hits, Popular in <<Genre>>

SonyLiv Hot Picks, Top Rated Originals on IMDB, Popular on Liv, New on Liv, Popular Hindi Movies, South Dubbed Masala,
Continue Watching

2.2.2. User Events and Contextual Search

Careful analysis of various trays leads to recommendation models based on content-based filtering and collaborative filtering,
which is explained along with results in section 3. However, this doesn’t qualify the models as the best as contextual information
is missing and the recommendations are quite generic. To improve user experience, recommendations should be provided based
on user action. This is collected when the user clicks on the thumbnail to watch a movie, and after watching for a specific time
duration. User feedback is also collected after the content is watched by accepting recommendation feedback as a like or a
dislike. These events can then be stored in the DB and mapped to user profiles. Based on watched content metadata, similar
content can be recommended to the user.

To extend further, a novel approach is proposed to use search as part of the recommendation. Instead of clicking the
recommended tray thumbnails, the user may search for a particular scene to find out about a movie. Search engines need
to be contextualised on content metadata to recommend a tray of similar search items. This provides a better recommendation
close to the user choice and caters to the changing preferences of users.

3 Results and Discussion

Core technologies like content-based filtering, collaborative filtering, along with other deep learning models like SVD, RBM,
are explained and implemented '? using movielens-1m datasets and showcase the RMSE and MAE values achieved after due
optimisation. A straightforward comparison has been presented with the best models observed from available models, and
subsequently showcases the improved RMSE and MAE scores achieved.

3.1 Content-based Filtering Framework

Content-based filtering is one of the simplest and straightforward techniques to provide recommendations based on content
metadata like genre, cast, director, language, etc. Content metadata is stored in the content management system or associated
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storage during content upload. Content can be filtered based on a specific content attribute like “Comedy” and shown in the
“Comedy Movies” Tray. In all the implementations Top 10 recommendations are chosen as a best practice followed by OTT
market leaders, to keep the application light and useful. The output of content-based filtering, as shown in Figure 2, is compared
with a standard random recommendation model as provided by the Surprise library !). The metrics of Content-based filtering
are presented in Table 2.

Table 2. Content-based filtering metric

Model MAE RMSE  Evaluation Time in Sec  CPU Overhead Memory Overhead
Random 1.2058 1.5044  4.08499 3.80% 0.20%
Content-KNN-Cosine  0.8752 1.109  4561.64 5% 0.10%
0O x Console 9/A L} = 0O x Console 13/A L =
Algorithm RMSE MAE Top Recommendations:
Random-NP 1.5044 1.2058 Total Recall 5
Top Recommendations: Star Wars: Episode VI - Return of the Jedi 5
Jackal, The 5 GoodFellas 5
Hunt for Red October, The 5 Ran 5
Stand and Deliver 5 Backdraft 5
Maverick 5 Fisher King, The 5
Green Mile, The 5 Hunt for Red October, The 5
Lost World: Jurassic Park, The Terminator 2: Judgment Day 5
Terminator 2: Judgment Day 5 Doctor Zhivago 5
On the Waterfront 5 Die Hard 2 5
Remains of the Day, The 5 Evaluating ContentKNN-Cosine
Last of the Mohicans, The 5 Evaluation time is 4561.640628 s.
Evaluation time is 4.047255000000007 s. CPU Usage is 5.300000000000001 %.
CPU Usage is 8.2 %. Memory Usage is 0.10000000000000142 %.
Memory Usage is -0.10000000000000142 %.
In [2]:
In [21:
IPython Console History |Python Console History

Fig 2. Content-based filtering Top recommendations

3.2 Collaborative Filtering

Collaborative filtering is a robust contender for a recommendation system that relies on behavioural data collected from other
users who have watched the content. Data sparsity is a bigger challenge in this, which can be handled by using sparse arrays
to save substantial computation overhead. Both User-based CF and Item-Based CF are evaluated, and results are shown in
subsequent subsections.

3.2.1. User-based Collaborative Filtering Framework
User-based CF focuses on similar users or users with similar tastes and preferences, to recommend content for another user.
Similarity is the measure driver for collaborative filtering, and it’s observed that adjusted cosine similarity is more effective
compared to cosine similarity as defined in Equations 11 and 12. It gauges similarity in relation to the mean of other items or
users, mitigating issues coming from potential user behaviour biases. Pearson similarity, as defined in Equation 13 considers
the total mean rating of an item by all users, making it suitable for new or unhandled items. MSD as defined in Equation 14
operates like Mean Square Error (MSE), assessing how two users x and y rate the same item 7. Similarity may be established
between users who have both rated a specific movie with the same score, potentially leading to misleading recommendations.
To mitigate this issue, it is advisable to introduce a threshold, such as a minimum number of times a particular movie must
be rated. In essence, the user-based CF process involves generating user-item ratings and user-user similarity matrices, followed
by candidate generation and scoring phases. The output then undergoes filtering based on predefined thresholds or conditions,
such as not having been watched, to yield the final top recommendations, as demonstrated in Figure 3.
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3.2.2. Item-based Collaborative Filtering Framework

Item-based CF works similarly like User based CF with a difference on item-to-item comparison in place of user-to-user
comparison. This becomes effective when user preferences and taste change over time, but the item or content remains constant.
This is also suitable for scenarios where the number of contents is smaller compared to number of users. The decision is
dependent on how much a user i likes item j” compared to how much everyone else likes j’. If user i likes a movie j/ and
j is similar to j, then it's imperative that user ¢ will like j. Here, the weight for movies j and j” will be higher and they have a

high similarity score as given in Equation (15).

L3 % console 164 - —
Algorithm RMSE
User—kKNN—-Cosine @.9777 @.7714
Computing the cosine similarity matrix...
Done computing similarity matrix.

MAE

Recommender Model User—KNN-Cosine
Top Recommendations:

Gate of Heavenly Peace, The S
Schlafes Bruder (Brother of Sleep) 5
Follow the Bitch 5

Bittersweet Motel 5

smashing Time 5

Ulysses (Ulisse) 5

Lured 5

Seng of Freedom 5

One Little Indian 5

Sanjuro 4.800070740824823

Evaluation time is 157.177166 s.
CPU Usage is 2.6999999999999993 5.
Memory Usage is 1.2002000000000028 %.

In [2]:

IPython Consale History

O % consale 18/a

Algorithm RMSE MAE

Item KNM 9.99903 @.7805

Computing the cosine similarity matrix...
Done computing similarity matrix.
Recommender Model Item KNN

Top Recommendations:

Loves of Carmen, The 5

Voyage to the Beginning of the World 5
Back Stage 4.666666666666667
sSmokingsNo Smoking 4.6

Schlafes Bruder (Brother of Sleep) 4.5
Chain of Fools 4.5
Silence of the Palace,
Qusur} 4.5

Song of Freedom 4.5
White Boys 4.5

Naked Man, The 4.478268869565218

The (Saimt el

Evaluation time is 71.555826 s.
CPU Usage is 1.8 %.

Memory Usage is 0.0 %.

In [2]:

IPython Conzcle History

DO % consok 1574 - =

Algorithm RMSE MAE
User-kKNN-MSD 8.9259 @.7293
Computing the msd similarity matrix...
Done computing similarity matrix.
Recommender Model User—KMNN-MSD

Top Recommendations:

Gate of Heavenly Peace, The 5
Schlafes Bruder (Brother of Sleep) 5
Follow the Bitch 5

Bittersweet Motel 5

Smashing Time 5

Ulysses (Ulisse) 5

Lured 5

Song of Freedom 5

One Little Indian 5

1 Am Cuba (Soy CubasYa Kuba)
4.7975920803208727

Evaluation time is 154.81499399999998 5.
CPU Usage is 2.8 =%.
Memory Usage is ©.6000000000000014 %.

In [2]:

IPuthan Consola History

T ¥ console 1878 - -

Item—KNN-MSD @.9166 |.7212
Computing the msd similarity matrix...
Done computing similarity matrix.
Recommender Model Item—KNN-MSD

Top Recommendations:

Loves of Carmen, The 5

Voyage to the Beginning of the World 5
Silence of the Palace, The (Saimt el
Qusur) 4.944444444444445

Low Life, The 4.775933609958506

Back Stage 4.66G6666666666667

Naked Man, The 4.6000000000000005
with Byrd at the South Pole
4.588235294117647

Venice/Venice 4.576329331046314

Anna 4.531914893617021

Lotto Land 4.519379844961242

Evaluation time is 70.197328B4 s.

CPU Usage is 5.3090000000000001 =.
Memory Usage is ©.19999999999999574 5.
In [21:

IPython Connolm History:

U ¥ console17/a - =

Algorithm RMSE MAE
User—-KNN-Pearson @.9636 ®.7666
Computing the pearson similarity matrix...
Done computing similarity matrix.
Recommender Model User—KNN—Pearson
Top Recommendations:

I Am Cuba (Soy Cuba/Ya Kuba) 5
CallejA”AiA%n de los milagros,
Ed's Next Move 5
Criminal Lovers
Kika 5

Bells, The 5
Message to Love:
Festival 5

I Got the Hook Up S5
Bittersweet Motel 5
Born American 5

E1 5

(Les Amants Criminels) 5

The Isle of Wight

Evaluation time is 161.545725 s.
CPU Usage is 3.8 S.
Memory Usage is 1.6000000000000014 3.

In [2]:

IPythan Gonsola History
O 3¢ console 204 - =
Algorithm RMSE
Item—KNN—Pearson @.996 9.7988
Computing the pearson similarity matrix...
Done computing similarity matrix.

MAE
6

Recommender Model Item=KNN-Pearson

Top Recommendations:

Delta of Venus 5

Coming Apart 5

Mirage 5

Collectionneuse, La S

Intimate Relations 5

something to Sing About 5

Marie Baie Des Anges S

Adrenalin: Fear the Rush 4.784@9483437872:
School of Flesh, The (L' ATAiAkcole de la
chair) 4.752159784133168

Bay of Blood (Reazione a catena) 4.75

Evaluation time is 74.48344200000001 s.
CPU Usage is 2.8 %.

Memory Usage is 0.30000000000000426 S.
In [21: |

IPython Gonnols History

Fig 3. User-based CF and Item-based CF recommendations

3.2.3. User-Based CF and Item-Based CF Result Comparison

(15)

User-based CF and Item-Based CF are two effective models that work on similarity calculation and provide multiple
recommendation trays. Table 3 Provides a detailed comparative analysis of various metrics. Item-KNN-MSD provides the best
accuracy with MAE and RMSE scores of 0.7212 and 0.9166 respectively. Although there is a slight computational overhead
as compared to others, it doesn’t have much significance as once the models are trained, subsequent computation overhead
goes down. Compared to all models, K-Nearest Neighbour (KNN) (!4)-(15) based Item-KNN-MSD seems to provide precise
recommendation among all collaborative models.

3.3 Matrix Factorization Based Recommendation Framework

Matrix Factorization ') is one of the advanced machine learning techniques that can analyze user behaviours and preferences to
deliver tailored content suggestions. Netflix has employed SVD to predict movie ratings. Table 4. Briefly provides comparative
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Table 3. User-based and item-based CF system metrics

Model MAE RMSE Evaluation Time(s) =~ CPU Overhead Memory
Overhead
Random 1.2058 1.5044 4.048 3.80% 0.20%
Custom-UserCF-NoML  0.8504 1.179453  7838.72 3% 1.90%
User-KNN-Cosine 0.7714 09777 157.177 2.70% 1.20%
User-KNN-MSD 0.7293  0.9259 154.815 2.00% 0.60%
User-KNN-Pearson 0.7666  0.9636 161.546 3.80% 1.60%
Custom-ItemCF-NoML  0.6374  0.8309 3102.96 5.50% 0.10%
Item-KNN-Cosine 0.7805  0.9993 71.5558 1.00% 0.00%
Item-KNN-MSD 0.7212 0.9166 70.1974 5.30% 0.20%
Item-KNN-Pearson 0.7988  0.9966 74.4034 2.00% 0.30%

metrics across various recommendation models like SVD, SVD++ and Auto-Adjusted SVD against a plain custom matrix
factorization model using Python and NumPy libraries.

As per Table 4, SVD++ outperforms the other models with the lowest MAE (0.6735) and RMSE (0.8645), suggesting it
provides the most accurate recommendations. SVD closely follows with slightly higher MAE (0.689) and RMSE (0.8782),
reaffirming its commendable accuracy. The Auto-adjusted SVD, which is based on tuning on epoch and features, also performs
well, with MAE (0.6855) and RMSE (0.8733) scores on par with SVD. Moving to computational efficiency, the evaluation time
metric reflects the time required for model computations. Here, SVD++ stands out but at a considerable computational cost, as
it takes significantly more time (425.16) compared to SVD (12.59) and Auto-Adjusted SVD (11.58). This highlights the trade-
off between accuracy and computation time, with SVD++ excelling in precision but demanding more resources. CPU and
memory overhead metrics reveal resource consumption. SVD++ incurs a relatively high CPU overhead (5.30%) compared to
SVD (5.00%) and Auto-adjusted SVD (1.50%). In terms of memory usage, all models perform well due to the basic principle of
matrix factorization, which reduces overhead storage. SVD offers balanced performance, combining decent accuracy with lower
resource utilisation. Auto-Adjusted SVD, while on par with SVD in accuracy, boasts minimal CPU overhead and memory usage,
making it a compelling choice for scenarios where computational efficiency is a critical consideration without compromising
recommendation quality.

3.3.1. Deep Learning Based Recommendation Framework
Deep learning is the most advanced technique that explores the power of deep neural networks and advanced optimization
technique to provide personalised recommendations. Advanced techniques like stochastic gradient descent, activation
functions and optimization algorithms can learn complex patterns from large datasets efficiently. Optimization techniques
like RMSProp, Adam complement gradient descent, and overfitting is avoided by early stopping, dropout and regularization
techniques. Deep learning architecture, like RBM ) and Auto-encoders® can extract meaningful information from user-item
interaction. Top recommendations using RBM and Auto-encoders are given on Figure 4. It also shows time-based contextual
tagging generated from a sample video, which can be stored in a repository and can provide contextual output on search.
Table 4 depicts in detail the performance metrics of two distinct deep learning models, RBM and Auto-encoders. RBM
model yields a better result with the lowest MAE and RMSE score with little overhead of processing time.

Table 4. SVD, SVD++ and Auto-Adjusted SVD, RBM and Auto-encoder metrics

Model MAE RMSE  Evaluation Time(s) CPU Overhead Memory Overhead
Custom-MF 0.5755 0.7374 1074.54 0.00% 0.00%

SVD 0.689 0.8782 12.5897 5.00% 0.00%

SVD++ 0.6735 0.8645 425.153 5.30% 0%

Auto-Adjusted SVD  0.6855  0.8733  11.5787 1.50% 0%

Random 1.2058 1.5044  4.048 3.80% 0.20%

RBM 1.0521 1.2579 2985.5 9% 0%

Autoencoders 1.4205 1.7833  10130.9 0% 4%
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Fig 4. SVD, SVD++, Auto-Adjusted SVD, RBM, Auto-encoder and Contextual Recommendations Tagging

3.4 Result Summarization

Based on the comprehensive evaluation conducted above, we can summarize to have a hybrid model to meet the different tray
requirements of OTT platform. Content-based filtering using KNN has high accuracy and excels in providing metadata-based
recommendations like genre, cast, crew etc. Item-based collaborative filtering can generate recommendations based on how
other users has viewed the specific movie and rated, like tray “As you watched movie X”. Among matrix factorization SVD++
stands out as a top performer with great accuracy. In the deep learning space RBM emerges as a promising model. So, following
a hybrid multi-modal approach and adapting top models, we can provide a much better recommendation for users. New OTT
entrants can easily adapt and build their recommendation engine using available open-source libraries as given in Table 1. A
new contextual tray can also be provided based on user events and user search patterns and recommend top contents from the
content management system.

As we already highlighted in section 2.1.1, a model with lowest error rate measured by MAE and RMSE values doesn’t make
ita candidate for good recommendation in real life. Users urge them to watch new and popular content, irrespective of whether
they have watched similar movies before or not. Also, with user preferences changing over time, the traditional models may not
give the best user experience and hence need to include factors like diversity while providing recommendations. Irrespective
of which model is used, the true effectiveness of a recommendation system is based on real user feedback measured by A/B
testing in a real environment. Table 5 provides a comparative analysis of all shortlisted models based on all key performance
indicators and leaves it to the specific platform to consider the weightage of each attribute. Once these models are baselined, it
can further be monetized by providing service-based access to other consumers. Other consumers can consume the base model
and further tune it with their organisation-specific user data to build an effective and efficient recommendation system.

The results are shown in Table 5 shows the summarised view of all shortlisted models along with improved MAE and RMSE
results. In!®), KNN and SVD on the movielens-1m database give MAE values of 0.8301 and 0.8501, respectively. RMSE value,
which is the square root of MSE, is 1.0458 and 1.0954 for KNN and SVD, respectively. Similarly, in 17, SVD has MAE score of
0.7194. By applying SVD++, we can achieve a much better MAE score of 0.6735 and RMSE score of 0.8645 compared to SVD.
Similarly, in '® UserKNN MAE value of 0.81 is higher than the achieved value of 0.7293. The RMSE score of 0.95 is also lower
compared to the achieved value of 0.9259.
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Table 5. Comparative analysis of all shortlisted models

Models MAE RMSE HR cHR ARHR Cover- Diver- Novelty Evaluation
age sity Time(s)

KNN (16) 0.8301 1.0458 - - - - - - -

SvD (10 0.8501 1.0954 - - - - - - -

svp (7 0.7164 -

TtemKNN (18) - 0.8930 - - - - - - -

UserKNN (1) 0.81 0.95 - - - - - - -

User-KNN-MSD  0.7293 0.9259 - - - - - - 154.815

Content-KNN- 0.8752 1.109 0.0137 0.014 0.0048 0.9932  0.0508  669.1566 4610

Cos

Item-KNN-MSD  0.7212 0.9166 0.0068 0.007 0.0017 09912  0.8578  3080.5444 579324

SVD++ 0.6735 0.8645 0.0341 0.034 0.0123 09868  0.0336  657.051  9573.95

RBM 1.0522 1.2579 0.0023 0.002 0.0004 0 0.0244 13952067 15002.18

4 Conclusion

This study’s experiments provide insights into open source-based recommendation strategies which can be leveraged by any
Streaming or OTT service provider and follow the path of leading OTT platforms available in India, like Netflix, Amazon Prime,
HotStar, and SonyLiv. These platforms primarily employ hybrid approaches combining content-based and CF techniques, along
with deep learning techniques to provide multiple recommendation trays to improve user experience. While accuracy of the
model is one of the criteria but not sufficient to generate recommendations, and hence A/B testing is to be carried out to
capture real user feedback and the models are retrained. User behaviour and psychological parameters are considered while
providing recommendations. Providing a mix of popular movies along with new movies, providing a diverse set of movies in
place of limiting to a single genre etc. gives the user confidence to explore new ones. A service-based recommendation model
not only provides flexibility and extensibility on building a recommendation system but also provides the option to monetize
and standardize the recommendation system. Any new entrant in the OTT space can extend these minimum set of models to
build its own recommendation system or use the existing services and save initial capital expenditure.

This study also recommends a novel way of contextual tray which is based on user search patterns. Existing contents or new
contents can be processed to generate keywords or tags, which can be stored in the repository. User in place of searching movie
name, can search for a scene as normal text string. The text string can then be matched against the repository and detailed
content is given as a response. This search event can be contextualized to recommend similar scenes as part of the contextual
recommendation tray. This is not implemented in the current study and kept for future enhancements, with sample output
shown in Figure 4. User event data generated on a real-time basis and going as a feedback loop to the existing base model is
also an area of exploration. Processing millions of real-time events and generating top recommendations using this is also an
area to be looked upon.

Looking to the future, there are several avenues for further enhancement in this domain. These may include exploring
methodologies and other deep learning models to further optimize model performance using concepts like parallel processing,
multi-threading support, clustering techniques, and event-based architecture. Efficient processing of available datasets and
explicit data collected from user events based on user activities is also an area to be explored. While all these services can
run in isolation on top of available open-source libraries or custom algorithms, monitoring the system in place is also an area
to be explored further. Additionally, there is room for standardizing recommendation services in the industry, allowing new
entrants to leverage existing models and services to minimise initial capital expenditure. This manuscript serves as a valuable
reference for those seeking to understand and improve recommendation systems in the ever-evolving OTT landscape.
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