
Abstract 
Objectives: To deliver the affinity of user(s) as a service to prospective developers and help them in providing context 
aware content. Methods: First, the list of apps installed on the mobile device is retrieved using a special module attached 
to the host application and is then tagged according to its genre. The module then runs a background service to record 
the active times of each application. All these information is synchronized with the database on the cloud periodically. 
The CAARD engine analyses the information in the database to predict the affinity of the user(s). Findings: Currently 
the users are classified based on their location and categorized using search history, browsing pattern which are not 
so efficient. They sometimes aim to deliver contents based on the web searches. This again does not necessarily mirror 
the requirements of the user as all the search terms may be trivial and need not always be specific to the user. Most if 
the previous systems aim to modify web based techniques for the mobile ecosystem which makes it less efficient. This 
directly reflects on the revenue of the developers or results in the fall of user base. The proposed system understands the 
user based on the applications that he frequently uses. This makes it even more user centric and helps the developers in 
delivering content that is specific to each of the users. Applications: One possible application of this system could be to 
display more relevant advertisements. This persuades the user to read and click the advertisement thus generating more 
revenue. Another implementation could be to recommend products that the user might be interested to buy.
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1.  Introduction
Present generation systems concentrate more on 
providing content for dominant media such as TV, radio 
and the Web. Re- cent studies have shown that provid-
ing context-aware content in apps shares said to reach 
significant milestone. Mobile App industry is expected to 
spend $100 billion by the end of 2016, which is almost 
430% increase from 2013. Traditional web system shows 
recommendation by using contextual advertising1, pro-
viding context-aware content always has been a very big 
challenge in the App industry.

Giving irrelevant ads and recommendations in 
mobile de- vices tend to cause a revenue loss because it 
doesn’t suit the users. They only annoy the users and not 

drive them to click the ads and generate revenue. The 
contextual recommendations used in a browser cannot 
be implemented in mobile apps as the contents of app 
can’t be crawled as in a web page. In order to overcome 
this shortcoming, we propose a system that can give 
recommendations based on user interest.

In this paper, we propose a context-aware 
recommendation system for the app industry. This system 
uses the list of apps installed on the user devices as the pri-
mary input to the Context-Aware App Recommendation 
and Delivery (CAARD) engine. The app list, along with 
active time of each app, is collected through a special 
component that is attached to the initial data provider’s 
application. Each of the app from the app- list is tagged 
with a specific genre. The genre tag and the active time of 
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each app forms the initial data set to CAARD engine. This 
initial data set is fed into the categorization module. Here 
the apps are categorized into different genres using the 
associated tag. Once the list of applications is divided into 
groups, it is then analyzed using strength computation 
module. From the calculated strengths we get the interest 
of specific users which can be utilized to provide context 
aware content. This decision support system is designed 
to be auto-didactic in nature.2

This decision support system uses a mathematical 
procedure to calculate the strength. The mathematical 
model calculates the strength of a cluster of apps for 
a single user (S0), which denotes the individual affin-
ity of that user towards that particular genre, and the 
strength of a cluster of apps for a group of users (S1) 
which denotes the affinity of the group of users under 
consideration.

The CAARD engine has two important components, 
viz the categorization and the analysis. Initially, the apps 
are clustered based on the genre. Once the clusters are 
formed, each of them is analyzed using the basic K-Means 
algorithm. The Affinity Genre is obtained as an output 
which forms the base for the self-learning part of the 
CAARD engine.

The CAARD Engine will attempt to recommend the 
best interest of a specific group of users, which will benefit 
the prospective developers to give context-aware content 
thereby increasing its popularity and revenue.

Web based Decision Support System uses a brute-force 
mechanism or cookie based learning mechanism3. Brute 
force mechanism involves past browsing history of a par-
ticular user and makes inferences from that. In case of 
Cookie based learning systems, the history is stored by 
a particular website for their own future use. This infor-
mation is used by the learning algorithm to predict user 
interest patterns.

Common interest of a group of users is an important 
factor as the mobile devices are dominating the next gen-
eration user base. These inferred results are provided as 
a service to the mobile client devices4. Recommendation 
based on the above two mentioned criteria in most of 
the cases is found to be extraneous. The recommenda-
tion does not particularly reflect the need of the user in 
more than half of situations. As the previous system is not 
made for web based applications, the same methodology 
is adapted to fit for mobile systems. So this reflects in the 
core working part of the system and creates a depreciation 
in relevancy of recommended data5.

1.1  Drawbacks of Existing System
The existing strategies lead to a lot of shortcomings when 
they were adapted to the mobile system. Some of them 
are:

 It uses Brute-force mechanism or Cookie learning •	
mechanism
Satisfactory results are not achieved.•	
Poor recommendations and distribution •	
methodologies.
It is not specifically tailored for the app ecosystem.•	
Derived and mutated from the web and web based •	
services.
Does not use context aware criteria. Results were •	
generalized.
Lack of user centric approach leading to inefficient •	
results.

2.  Proposed Work
This system proposes a unique method in identifying the 
prospective users of a particular genre application from 
a specific group of users. This is a valuable insight for the 
developers to identify the target audience for a specific 
application. This system is enhanced by the context and 
thus the solution obtained promotes a more end user 
centric usage pattern. The output of this system will be 
a user specific interest pattern for a specific user group. 
When this system becomes fully functional, it auto-
matically improves the accuracy of the usage pattern by 
iterative steps. The dataset for analyzing the usage pat-
tern can be obtained by using a specific functionality in 
the mobile development platform. By using this function, 
the list of apps installed on the individual device and the 
active running time for individual app is uploaded to 
the CAARD Engine. The rules are obtained by perform-
ing an association rule learning algorithm that uses the 
list of applications as the input and obtains the rules of 
learning on basis of confidence parameters4. This can be 
further understood using an example. The list of applica-
tion installed in the phone can be extracted using specific 
commands targeted at the system applications list. Once 
this list has been extracted, it is clustered into segments on 
basis of the genre of the application. This is achieved using 
the K-Means clustering algorithm. Once this app list has 
been classified, the strengths of the different categories 
are found. This is then sent back to the host application 
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to provide context-aware and user specific content. The 
strengths are also stored in the database to be used later 
to infer the affinity of a group of users.

In order to find the affinity of a group of users, the 
strengths of individual users are grouped on the basis 
of the genres. These genres are then classified into four 
pre-defined categories based on the number of users in 
the genre and the average active time of that genre. These 
four categories are sorted by priority. If there exists a clear 
affinity genre, viz there is only one genre in the highest 
priority category, then that is considered as the affinity 
of the group. If there is a conflict between two or more 
genres, then a larger group consisting of the current 
group is considered and the process is repeated. If there is 
no larger group, then the past results are analyzed and an 
affinity genre is identified.

3.  Module Description

3.1  Module 1: Collection module
The collection module provides the source of the data 
for the CAARD Engine. The list of apps installed on the 
user device is captured through a special component 
that is attached to a host application installed on the user 
device. In major mobile operating systems like Android 
and iOS, every app will have an information tag about 
the genre to which it belongs. The genre information tag 
can be retrieved from the app repository where the app 
was hosted to be downloaded by users. This information 
tag is the basis to classify the apps into defined categories. 
The genre based classification will help in the underlying 
context aware approach6 in prediction. The app list along 
with its genre tag is collected for a large user base. This 
large database is uploaded on a cloud server for hassle 
free and location independent access of the data collected. 
Collection module gets the app list from discrete users. 
This captured data is used to predict the affinity of the 
user towards a particular genre and also that of a group 
of users.

3.2  Module 2: Categorization Module
Once the list of applications has been obtained from the 
user, this data is sent to the categorization module is shown 
in Figure 1. In this module, the applications are classified 
on basis of their genre. This genre is automatically updated 
along with the application list that is obtained during the 
data collection process. This clustering can be achieved 

using a hashing procedure. The key - value pairs consist 
of the genre as the key and the list of application that fall 
into that genre as the values. This helps in enhanced map-
ping of the genres7. Once the list of applications has been 
sorted on basis of the genre, it is then stored into the data-
base as well as a parallel channel is used in order to feed 
the data to further processes of the algorithm.

3.3 � Module 3: Strength Computation 
Module

In order to compute the strength of each of the cluster of 
applications, a normalization mechanism is used. Two dif-
ferent types of strengths are calculated from the obtained 
data list. They are:

Strength for a single user•	
Strength for a group of users•	

The strength of a cluster of apps for a single user denotes 
the individual affinity of that user towards that particu-
lar cluster. This is different for each user. This value can 
be used by prospective developers in order to provide 
the users with specific content that could be useful for 
the user. This value is calculated using the time during 
which each application is active. This time is added for all 
applications in the cluster and divided by the number of 
applications in the cluster. This is named as S0 value.

The strength of a cluster of apps for a group of users is 
calculated by the CAARD Engine as and when required. 
This part of the engine takes the parameter by which the 
users are to be grouped. The grouping can be done based 
on various parameters such as location, institution, area, 
age group etc. The S0 values for the given set of users is 

Figure 1.  Categorization Module.
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summed up and then divided by the number of users in 
the group. The formula is for calculating S0 and S1 is:

S
Total number o

Applications Active duration of application
0 =

∑∑ ( )

ff applications in the clister

S
Total number of users in the group

Users Value of each user
1

0=
∑ (S )

3.4  Module 4: Cluster Analysis
Once the strengths have been calculated, it is up for the 
CAARD Engine to analyse the strengths and to predict 
the affinity of the user or a group of users. For this, the 
genres are classified into a pre-defined set of four cate-
gories based on the strengths and the number of users. 
These categories are then sorted according to priority. 
After sorting, there is a search for the affinity genre by 
following a specific procedure.

First, the categories are checked if there is a clear 
affinity genre. A clear affinity genre means that there is 
only one genre in the high priority category. In such a 
case, it is inferred that the user(s) have a greater affinity 
towards a particular genre than the others. Thus, there is 
no further processing to be done.

However, a single genre getting a clear affinity is a rare 
scenario as the characteristics of each and every user in a 
group is very different. Thus, there is a need for further 
analysis in the case of a conflict between multiple genres. 
In such a situation, the learning of the engine is relied 
on to find the affinity genre. The learning happens when 
similar conflicts have happened in the past. The system 
learns when a conflict occurs and a result is found by 
taking a larger group of users, that is a super set of the 
current group of users. During this time, the same pro-
cedure is repeated iteratively for the larger group until a 
clear affinity genre is obtained.

During the initial implementation of the CAARD 
Engine, there is no possibility of a super set being dif-
ferent from the set of users under consideration. When 
such a situation occurs, the engine temporarily chooses 
a random genre as the Affinity Genre. The engine then 
waits for the super set of users to become different than 
the existing set to provide an accurate analysis of the user 
base. When a genre is picked randomly, the engine does 
not learn from this result as this might not be an accurate 
result.

4.  Work Flow of the System
The collection module of the system is attached to a host 
application that is present in the mobile device of the user. 
This module collects the list of apps that are installed 
on the user’s device. It then calculates the active time 
of each application and sends it to the CAARD Engine. 
The CAARD Engine receives the list of apps along with 
the active times of each application8. This list is then cat-
egorized according to genres. For each of the identified 
genres, the strength of the genre is computed using the 
active times. This strength is sent back to the device to 
be used by the host application to provide user specific 
content. This content is also stored on the database for 
autodidactic learning and for the computation of strength 
for a group of users. In order to compute the strength for 
a group of users, the list of users who belong to the group 
is retrieved from the database. Then, the strength for this 
group is computed using the strength for each user. With 
the help of the strength of the genre for that group and the 
number of users for each genre, the genres are classified 
into a pre- defined set of four categories9. These categories 
are prioritized and the affinity genre is looked for.

To find the affinity genre a unique algorithm is 
employed which considers various factors to predict the 
affinity of the user(s) towards a particular genre of appli-
cations. If there exists a clear affinity genre, viz there is 
only one genre in the highest priority category, then that 
is considered as the affinity of the group. If there is a con-
flict between two or more genres, then the past results are 
analyzed and an affinity genre is identified. If there is no 
past conflict, then a larger group consisting of the current 
group is considered and the process is repeated10. This 
result is then used for the learning process of the engine, 
which is delivered as a service.
Algorithm 1: CAARD Engine Algorithm
  input: List of apps along with Active Times
  output: Affinity genre for user(s)

1.  Genre tag for each application is found;
2. � Applications with same genre tag are grouped 

together;
3.  Parameters S0, S1 are calculated for each genre;
4. � Based on S0, S1 & Number of users, genres are split 

into four pre-defined categories;
5.  Categories are sorted based on priority;
6.  If single genre in high priority category then
7.    Return that genre as Affinity Genre of User(s);
8.  else
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9.    if same conflict hit in the past then
10.    Return the best of the past results;
11.    else
12.   �   if dataset smaller than larger group’s dataset 

then
13.   �   The enlarged dataset is passed to the CAARD 

Engine again;
14.      Learn from result to use for future conflicts;
15.   �   Return the Affinity Genre of the enlarged 

dataset;
16.      else
17.      Randomly pick a genre;
18.      Return the picked genre as Affinity Genre;
19.      end
20.    end
21.  end

5.  Future Work
In the future, this method of predicting the affinity of the 
user can be implemented to web browsers and computer 
application by considering similar parameters. Other 
methods of clustering can be employed to get more accu-
rate results. The learning mechanisms can be altered to 
make the engine more and more efficient. This can also 
be implemented as an individual application that enter-
tains the user based on their needs and interests. It can 
also be used for delivering user specific advertisements 
or products that drives them to click on it there by gen-
erating revenue for the developers. Also its a prospective 
idea to concentrate more on providing context- aware 
content rather than contextual content to the mobile app 
industry as its growth will be exponential in the coming 
years11.

6.  Conclusion
The proposed system attempts to support the delivery of 
context-aware content in the mobile app industry. This 
CAARD engine optimally provides us with the user inter-
est pattern as it initially tries to learn from the users’ data. 
This engine uses a mathematical model to calculate the 
affinity of users towards particular genre or category of 
application. The algorithm is devised in such a way that 
the categories have specific priority based on the affin-
ity of the users towards the app. This makes sure that 
efficiency of the system can be made better every time 
there is new category or genre of apps. In the mobile app 

industry providing context-aware content is always been a 
daunting task, this system takes a step forward in provid-
ing content which satisfies their interest and also helping 
the development community to make apps which makes 
the user happy.
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