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ABSTRACT
Recommendation system plays a tremendous role in this information era. In the world of
data, it helps to increase online user experience by filtering information in automated
ways. It provides personalized view of information. Recommendation system research
has included a wide variety of machine learning techniques including data mining, user
modeling, case based reasoning etc. Personalized recommendations are an important part
of many online ecommerce platforms where the system is responsible for displaying
potential item to user. The principle point regarding this research work is to find interest

based book for increasing sales by machine learning techniques.
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CHAPTER 1
Introduction

1.1 Introduction:

Recommendation systems are used to increase sales by identifying potential customers.
Commercial companies take the benefit of such system to help users to find product or
services that they might not have found by themselves. With this approach companies can
efficiently use their resources and make the best use of it. This target oriented approach
helps organizations to generate high conversion rate. Our study topic of this work is to
find out best way of recommending such product or service. We’ll use book as an
example recommended item and we’re going to build a recommendation engine that can

recommend books to the potential customers.

We have used item based collaborative filtering in this work and our goal is to fine tune
and make user oriented improvement based on some existing algorithm and propose a
new system that generate recommendation. As a result, we will be able to identify how
much a book will be liked by a user if he/she does not rate that book yet. With this result
we will show users top recommended items. To build this core system we’ll take help of
various python machine learning tools and libraries that will help us to collect implicit or
explicit feedback rating, clean the dataset, visualize to gain insight, analyze the data and
finally make prediction. We’ll also use popular datasets that has already aggregated by
large companies and community as well as our own system data to train and test the

proposed model.

1.2 Motivation:

The internet is full of information. Most of the cases a user doesn’t need all of them.
Unnecessary information makes a user experience bad which turns into losing profit for
businesses. It is very crucial, especially for business because user tend to buy book when
they are in front of them. A good information filtering system is necessary for this type of
work which will show personalized content to a user. The fundamental inspiration for the
proposed procedure is to improve the system output using machine learning techniques.
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1.3 Objective:

The model recommended in this undertaking relates to the most significant problem of
internet surfing which is finding exact information. This problem can easily be eliminated
by a recommender system which is able to recommend content based on user interest.
The primary objective of this study is to build such system to make user experience
better.

1.4 Expected Outcome:

Comprehensively, the proposed methodology comprises four important steps: Collecting
explicit or implicit feedback from user, preprocess the collected data, train & test the
recommender model and finally recommend items to users. In most cases we’ll use
numerous datasets like goodreads, amazon product sales, movie lens, bookkeeping to

examine our model output.
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CHAPTER 2

Background

2.1 Introduction:

The primary goal of recommender systems is to assist users to find the most relevant
items in that context. To do this job done these systems generally used several filtering
techniques. Frequently used methods are User-Based collaborative filtering, ltem-Based
collaborative filtering, content based filtering, demographic filtering etc. In user-based
collaborative filtering users are getting matched by other users and create a neighborhood
of similar taste people. Top items of that neighborhood is then recommended to other
users. On the other hand, item-based collaborative filtering create similarity between

items and then recommended to users.

The dataset and recommendation algorithm plays a big role in making such system. How
much we can recommend is decided by the data we have. Dataset contains item
information’s and user ratings which may be implicit or explicit. There can also be some
other data such as demographics etc. Later we should apply correct algorithm and find

the recommendations.

2.2 Research Summary:

Recommendation system is being popular in the internet world where information
filtering is most important. From different types of recommendation system approached
we followed collaborative filtering in this work. Collaborative filtering system utilizes the
information about other users with similar preference and make prediction. We classified
the process of recommendation into four steps.

Firstly, constructing user-item rating matrix by gathering browsing or rating history of a

user. After processing the data, we get a user-item rating matrix.

Secondly, we find the similarity by computing the collected data from different users.

Two major approaches are user-user filtering and item-item filtering. As user-user
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filtering is much more computation heavy method we used item-item filtering in this

work.

Thirdly, we select the user neighbor according to the similarity ranking we got from
previous steps. Finding the neighbor can be done using various algorithm and we studied
many of them in this work. The optimal solution is generated through k-nearest

neighbors.

Finally, we need to predict the rating for item recommendation after getting the result

from previous steps.

2.3 Challenges:

As recommendation will be made by the data collected from user interaction, it can be
very hard to cope with user taste as they vary from time to time. A user who buy a
product frequently may or may not also buy in future. As a human, the user taste changes.

So monitor every user activity and predict such move from the data can be challenging.

Cold start problem is another challenge to build such system. When the system doesn’t
know very much about a user, it can’t provide good recommendations. It occurs in the

case of new user or a user with less interactions.

2.4 Related Works:

Two of the most widely used techniques in recommendation system is based on User and
based on item. These systems are widely used and studied in both industry and academia
but lot more problem to be solved with high accuracy. Such of problems are cold start
problem, data sparsity problem etc. Many novel approach is taken to handle such

problems.

2.4.1 Item-Based Collaborative Filtering Recommendation Algorithms:
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The most promising works of collaborative filtering is presented on the paper named
“Item-Based Collaborative Filtering Recommendation Algorithms™ is done by Badrul
Sarwar, George Karypis, Joseph Konstan and John Riedl. They are fellow of GroupLens
Research Group. In this paper they have shown techniques of making recommendation in
live interaction. As producing real-time recommendation on high volume is challenge,
this paper showed a way of effective filtering. The techniques used in this work is called
item-item collaborative filtering and later they also compare the result with k-nearest
neighbor approach. It has successfully eliminated two common problems. They are

sparsity and scalability.

2.4.2 Collaborative Filtering for Implicit Feedback Datasets:

This work has been done by Yifan Hu, Chris Volinsky from AT&T Labs and Yehuda
Koren from Yahoo Research. In this work authors explained some mechanism of
collaborative filtering when there is not explicit data from user. Generally, most of the
production application nowadays depends on implicit data. Though explicit data is more
accurate but most user don’t provide data by themselves. For example, a study of an
ecommerce site shows that only 15% - 20% user rate an item after they get a product. So

in this scenario we need to depends on implicit data to recommend next content for user.

There are different types of challenges when measuring recommendation with implicit
feedback dataset. No negative feedback, Noise, Numeric values indicate confidence
instead of preferences are the primary challenges. Author of this work has shown the way

this challenges can be eliminated.

Authors used latent factor algorithm to address the preferences-confidence paradigm.

2.4.3 Collaborative Filtering via Euclidean Embedding:
This work is done by Mohammad Khoshneshin and W. Nick Street from University of
lowa. In this work authors have shown usage of Euclidean embedding method as an

alternative of popular latent factor model.

©Daffodil International University



In this method, users and items are embedded in a unified Eculidean space where the

distance between a user and an item is inversely proportional to the rating.

2.4.4 Restricted Boltzmann Machines for Collaborative Filtering:

Most approaches of collaborative filtering can’t handle large dataset while real-time
computation. In this paper Ruslan Salakhutdinov, Andriy Mnih and Geoffrey Hinton
from University of Toronto has shown how a class of two layer undirected graphical

models can be used to predict user preferences.
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CHAPTER 3

Research Methodology
3.1 Introduction:
An overview of my research and the techniques | experienced will be in this part of the
report. It gives us point by point information about the strategies I utilized and how they
were actualized. It will likewise examine the sources we have drawn my information
from and how I intend to utilize those to recommend books to a user. Instruments utilized

in this research are additionally discussed in this section.

3.2 Research Subject:
The goal of this research is to see an efficient method that would recommend books with
better precision and less mistake rate. To accomplish it, we applied various content

filtering methods and tried to find out which method performs well in a given scenario.

Information filtering can be done in various ways. They can be primarily divided into six

major parts.

Information Filtering

—»  Content-based Filtering

— Collaborative Filtering

- Hybrid Filtering

—»  Demographic Filtering

—» Knowledge based Filtering

o Utility based Filtering
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Figure 3.1: Different ways of information filtering

Collaborative filtering is the most interesting one to study about because it works with
buying pattern of all users in a system. It’s “collaborative” because it predicts a given
customer’s preference on the basis of other customers. Here two types of collaborative is
mostly popular. User-User collaborative filtering and Item-Item collaborative filtering. In
user-user collaborative filtering method the system identifies similar users by buying
pattern and cluster them in a group. Then recommend items which isn’t reviewed or
bought yet by another user. It works well but it has massive drawbacks in maintenance as
user preference changes over the time. In a research on amazon.com finds that user
preferences can be changed in a matter of a day. Clustering users based on preference
required offline analysis and should update regularly which is computationally expensive.
On the other hand, item-item collaborative filtering gives superior result with less
overhead as item information doesn’t change frequently and it is possible to recommend

books on the fly.

Input: Interaction log @

User
Output:
& & " 5 | ] Ordered list of items
e a
iy |
..... - — . @
time stamp fime RECDmmEndE‘r

Specific computational tasks:
Context adaptation
Trend detection
Repeated recommendation
Consideration of constraints

Figure 3.2: Recommendation goals to achieve
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3.3 Data Collection:

In this work we’ve used Goodread book dataset which is open source and the reason of
selecting this dataset is, it is production dataset which is collected from real scenario. All
the ratings are given by real user of goodread. Using such type of datasets gives us big

advantage because it reflects real behavior of users of the system.
The dataset contains 7.8 million reviews which is large enough to split into train-test set
and evaluate our model perfectly. The dataset contains anonymous user id, product id,

rating provided by the user and timestamp.

Table 3.1: Table of sample dataset

userld productld rating timestamp
AKM1MP6POOYPR 0132793040 5.0 1365811200
A2CX7LUOHB2NDG 0321732944 5.0 1341100800
A2NWSAGRHCP8N5 | 0439886341 1.0 1367193600
A2WNBOD3WNDNKT | 0439886341 3.0 1374451200
A1GI0U4ZRJASBWN 0439886341 1.0 1334707200

300000

400000

300000

Total number of ratings

200000

100000

10 20 30 40 5.0
Rating
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Figure 3.3:; Dataset analysis

3.4 Statistical Analysis:
In the collaborative recommendation system, the main thing is to calculate the closeness

between users. Here are the techniques we tried to get the work done.

The first approach we followed to measure the similarity between users is using Cosine
Similarity method where we need to find the cosine angle between two users. The user
rating is pointed as a vector in two dimensional vector spaces. If the cosine similarity

between two users is closer, then we can cluster them in a similar neighbor.

Another popular approach to measure the similarity is using SVM which performs well

when data are dense and continuous.

Finding neighbors with K Nearest Neighbor algorithm also works well. We applied this
algorithm with Surprise and Scikit-learn machine learning toolkit. The result is accurate

with high performance rate.

According to these analysis, we propose a new approached to find similarity.

3.5 Proposed Methodology:
In traditional recommendation system finding the similarity between users is done by
rating information. There is some gap in this traditional approaches. The factor of user

confidence and time context is not taken into account.

Time context is also important in recommending item to user. Recently visited item plays
an important role of finding user preferences as time is dynamic attribute and preferences
can be changed based on time. In this work we’ve introduced time aware cosine

similarity algorithm to calculate the similarity between users and finding neighbors.
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In a given timeframe user prefer specific item. For example, students prefer budget
specific item but after a while when they got a job their preference should change. Again
junior engineer tends to buy books or course which helps them to learn fundamental ideas
of their domain but when they got senior their preference should be changed. These
preference is relatively short-lived because these need is no longer required in future but
we can identify the lifecycle loop as other users may be gone through these path. For
these reason our neighbor should be updated time to time and our algorithm should aware
about time.

Our algorithm should also find the domain expert in user. Every user in their personal life
is some sort of expert in their field. If our algorithm can find out the work domain of a

user, it is more convenient to find neighbors.

In various season and festival time user prefer some item for that time only. For example,
in summer user prefer refreshing wearing like shorts and winter user prefer to have warm
cloth, coats. Festival like Eid users buy festival centric items. These are short-lived

preferences and our algorithm should also aware about it.

After experimenting with various techniques we have finalized item item collaborative
filtering for real-time capability and scalability issue. As it performs well in business

scenario with high accuracy, it is the expected one.

Item for which prediction
i i i //T,/ is sought

2 | i - n

P (prediction on
item j for the active
user)

Prediction

u- -
@ L

Recommendation
ern : T.z‘ TiN} Top-N

list of items for the
active user

Active user

Input (ratings table) CF-Algorithm Output interface

Figure 3.4: Predicting recommendation using collaborative filtering
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Unlike user based collaborative filtering, item based collaborative filtering seek similarity
between items. As a production system may have many users but not all of them rate
large portion of item, finding similarity between items is less computation intensive and
time efficient. Also we can eliminate sparsity problem with this technique.
To implement this method, at first we need to find similarity between items. To do this
we can follow various approach. Most popular ways are:

1. Cosine-based similarity.

2. Correlation-based similarity.

3. Adjusted Cosine Similarity.

3.5.1 Cosine-based Similarity:
Here two items are considered separate vector in different dimension. Then measuring

the cosine of angle between them tells us how similar both items are.

Ly

Slm(l,]) = COS(T,]_) = W

3.5.2 Correlation-based Similarity:

Here pearson-r correlation take place to calculate similarity between items.

3.5.3 Adjusted Cosine Similarity:
In dataset users are aligned on row and items are aligned in columns so user-based
collaborative filtering is done by calculating along rows. But in item-based collaborative

filtering measuring similarity between items is done by columns.
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m-1 (:R Rj“’f and m-1.
m R -

Figure 3.5: Computing item-item similarity in column oriented data

After the filtering techniques, the most important part is predicting the output. Here we
can follow two approach. They are:
1. Weighted Sum

2. Regression

3.5.4 Weighted Sum:
In this method, all the rating given by a user U is summed up. Then they are weighted by

the corresponding similarity between items.
3.5.5 Regression:

It is also similar with weighted sum method but uses approximation of rating based on

regression model.
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Figure 3.6: Prediction flow using weighted sum and regression

3.6 Implementation Requirements:

The details system information is given below:

Hardware Requirement (minimum):

e Processor:
2.4 GHz (minimum) with 4 cores CPU and also multithreading enabled

e GPU
Better to have NVIDIA GTX1050

e Storage
Minimum 25 Gigabyte of free space secondary memory (SSD/HDD)

Software Requirements (Operating System):

e Linux — Ubuntu 16.04 LTS or higher
e Windows — Windows 10 Pro Edition V1609 or higher

Required Environments:
e Python 3.6 or higher

e Anaconda
e Jupyter Notebook
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e Django
Packages:

Numpy
Pandas
Matplotlib
Scikit-learn
Surprise
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CHAPTER 4

Experimental Results and Discussions
4.1 Introduction:
Each method of hypothesis needs to be thoroughly tested. We’ve therefore used our
proposed approach as an active framework to test our vision. This section of the report
governs the internal and external definition of our framework used. This section further

shows the installation parameters and the production parameters of the frame.

4.2. Evaluation:

Until now, numerous scientists in the report have introduced numerous measurements to
assess the exhibition of suggestion frameworks. As a rule, the measurements for
assessing the proposal framework quality essentially incorporate two classes. They are
Mean Absolute Error (MAE) and Root Mean Square Error (RMSE)

MAE is perhaps the most generally utilized measurements to assess the proposal
exactness and is characterized as the normal of outright contrast between expectation
esteems and real evaluations. Accepting that the arrangement of anticipated client
appraisals is {P1, P2, Ps.....Pn} and the relating set of genuine client evaluations is {R1, Ro,
Rs.....Rn}, the MAE is determined as follows:

MAE = ZIPi=Ril
n

4.3 Experimental Results:
In this part, tests are executed on the Amazon Product Dataset. We contrast our proposed

calculation and different calculations by utilizing the measurements.

As is notable to us every one of us, number of selected nearest neighbors critically affects

the quality of recommendation output. In this way, the quantity of the nearest neighbor k
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varies from 10 to 60 in experiment. As of now, the regularly used methods to figure the

similarity between users incorporate COS.
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CHAPTER 5

Conclusion and Future Scope

5.1 Conclusions:

In this work, we’ve presented a collaborating filtering algorithm dependent on item
similarity and rating of a user. We’ve also added time aware techniques where recent and
seasonal items get higher priority for recommendation. Our methodology depends on the
viewpoint that user taste is not constant and may switch to different domain. For
recognizing the best average similarity measure, the essential work of this paper is to
acquire a superior measure to adjust. For that reason, we’ve studied and applied most
recent approach to build this system. Subsequently, we perform experiment in our paper
which has demonstrated that the time aware algorithm is more suitable and reasonable for
calculating the similarity between items or users. In experiments, we assessed the
effectiveness of our proposed calculation on MAE, RMSE, accuracy, review, and
measure. Furthermore, trial results on the dataset showed our proposed calculation has
better execution contrasted and current calculations and some different calculations. All
in all, in our proposed calculation, item-based collaborative filtering is powerful to

improve the performance of recommendation systems.

5.2 Scope of Further Study:
Later on, we will keep on experimenting the effect of the user behavior and the
information of items in proposed methodologies and study the system of the user rating

behavior and the effect of the item information.
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