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Abstract 

The number of cloud services is growing 

exponentially. Cloud computing has become 

a crucial part of our day-to-day routine. 

Many companies have started to offer cloud 

service to its customers. Using a low quality 

cloud service is a huge risk to the 

organization. Selecting the best cloud 

service from several similar cloud service 

providers is a major challenge. In this 

article, a collaborative system based cloud 

service recommendation system is proposed. 

The proposed method is a combination of 

many collaborative filtering methods. Hence 

it is known as the hybrid method. The hybrid 

method solves the primary challenges of 

collaborative filtering namely scalability, 

sparsity and cold start. The hybrid method 

provides a more personalized cloud service 

recommendation system. The experimental 

results of this proposed method show that 

the hybrid collaborative filtering method 

performs better than the conventional 

collaborative filtering methods. 

Keywords: Cloud service, collaborative 

filtering, Rating, Jaccord, Hybrid, Similarity, 

recommendation. 

I. Introduction 

Cloud computing is at the peak of its 

potential which has revolutionized various 

domains and changed the way people do 

business. Cloud computing is the 

provisioning of computing resources like 

storage, networking, servers, databases, 

software, etc. through the Internet [1]. The 

main advantage of cloud computing is 

leveraging the computing resources. Instead 

of using our own system resources, we can 

outsource our computational and storage 

needs to a reliable cloud service provider. 

Companies like Amazon, Google, Microsoft 

are the top cloud service providers. Most of 

the cloud services are accessed through the 

browser and most of the cloud service 

providers follow pas-as-you-go model [2]. In 

this model, the customers pay only for the 

computing services which they have utilized. 

Another benefit of using cloud computing is 

that the customers can increase or decrease 

their resources based on their current 

requirements. Many companies have started 

to offer cloud services. There are many 

functionally similar cloud services. Hence 

selecting the best cloud service from various 

similar cloud services will be a tedious job 

for the customer. The most appropriate 

solution for this challenging task would be a 

recommender system [3]. A recommender 

system would provide a list of recommended 

items to the customer based on their 

individual needs and Preferences. Most of 

the recommendation system utilizes 

collaborative filtering. It is a technique used 

for calculating a prediction for the customers 

and it is based on the concept that the user 

gets the perfect recommendation from 

another user with similar preference [4]. 

First, the user conveys his preferences 

through rating the services. The ratings 

given by the users can be taken as the user 

preference in that particular domain. The 

collaborative filtering algorithm compares 

the rating given by the user with the other 

user’s rating and finds the most similar 

users. The collaborative filtering method 
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recommends the services that have high 

ratings from similar users. In general, there 

exist various categories of collaborative 

filtering [CF] techniques namely user based 

CF, item based CF and hybrid CF [5]. 

In user-based CF, the customers having 

similar ratings with active customer is sorted 

out and the preferences of the similar users 

is used to find the best cloud services for 

recommending to the customer [6]. The item 

based method has an item-item matrix for 

discovering the relationships between pairs 

of cloud services, then the preference of the 

active user is found by exploring the item-

item matrix and compares that with 

customer’s data [7]. The hybrid technique is 

a combination of many collaborative 

filtering techniques. The hybrid model 

performs better than the other models [8]. 

In this article, section 2 describes the related 

works. The hybrid collaborative filtering 

algorithm is proposed in section 3. Section 4 

deals with experimental results  and 

Summary. Section 5 presents the conclusion 

of our research work. 

2. Literature Survey  

Many recommendation systems for selecting 

cloud services have been proposed. In 

general, there are three categories of cloud 

service selection models widely utilized 

namely Multi criteria decision making based 

methodologies for cloud service selection, 

Optimization based methodologies and 

Logic based methodologies [9]. In Multi 

Criteria Decision Making based 

methodologies, multiple criteria are used for 

decision making process [10]. The most 

widely used techniques are Analytic 

Hierarchy Process, Analytic Network 

Process, Simple Additive Weighting 

method, Outranking method and MAUT 

[13].  Analytic hierarchy process provides 

the ranking of various cloud services based 

on the cloud service data. Analytic network 

process is an upgraded version of Analytic 

Hierarchy Process. In MAUT, the cloud 

services with utmost benefit and minimal 

cost is selected [14]. This is decided based 

on a utility function with multiple attributes. 

The outranking method checks the services 

with each criterion and determines the 

preferences of every cloud service [16]. In 

SAW, cloud services are selected based on 

the calculated ratings. The optimization 

based methodologies include Dynamic 

programming based service selection, 

Greedy algorithm based method, CloudRank 

and CloudAdvisor [18]. Using Dynamic 

programming, a technique is developed to 

choose the best cloud service in terms of 

storage capability [17]. In Greedy Algorithm 

based model, indexing of cloud service 

providers is performed for effective cloud 

service selection [19]. CloudRank is a 

ranking prediction model used to deduce the 

Quality of Service ranking of various cloud 

services for selecting the most appropriate 

cloud service [20]. CloudAdvisor is a cloud 

service recommendation system used to 

suggest cloud services to users based on 

their preferences [21]. 

3. Proposed Methodology 

Hybrid based collaborative filtering involves 

two steps namely computing user similarity 

and computing cloud service prediction. A 

similarity function is utilized to compute  the 

similarity of the customers. Both ratings and 

similarity are used for Predicting the most 

suitable cloud service to the customer. 

3.1. User Similarity Computation 

Many similarity functions are available for 

calculating the similarity between users. We 

analyse three similarity functions namely 

cosine similarity, Jaccord similarity and 

Pearson correlation [11]. Pearson 

Correlation determines the similarity by 

calculating the correlation between the 

ratings of two users. There is another form 

of Pearson correlation namely Constrained 

Pearson correlation.  

𝑃𝑒𝑎𝑟𝑠𝑜𝑛𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛

=
  𝑎𝑖 − 𝑎   𝑏𝑖 − 𝑏  𝑛

𝑖=1

   𝑎𝑖 − 𝑎  2𝑛
𝑖=1

   𝑏𝑖 − 𝑏  
2𝑛

𝑖=1
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Cosine Similarity is a vector based approach 

for finding the similarity between two users. 

Similarity is evaluated by determining the 

cosine distance between two vectors [22]. If 

the users rate the same set of cloud services, 

then cosine similarity value will be as same 

as the Pearson correlation. 

𝑐𝑜𝑠𝑖𝑛𝑒𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦 =
 𝐴𝑖𝐵𝑖

𝑛
𝑖=1

  𝐴𝑖
2𝑛

𝑖=1   𝐵𝑖
2𝑛

𝑖=1

 

Jaccord Similarity is used to find the 

similarity of two users through their ratings 

[15]. Here ‘u’ represents the target user, ‘v’ 

represents the nearby user, 𝑅𝑢represents the 

no of cloud services used by ‘user u’ 

,𝑅𝑣represents the no of cloud services used 

by user v, 𝑅𝑈∩𝑉represents the cloud services 

used by both ‘user u’ and ‘user v’. 

𝐽𝑢 ,𝑣 =
𝑅𝑢∩𝑣

𝑅𝑢 + 𝑅𝑣 − 𝑅𝑢∩𝑣
 

First the similar users are identified based on 

the similarity function [12]. The users have 

similar opinions in one case is more likely to 

have a similar opinion in another case also. 

In our method the users with similar ratings 

are combined into a cluster. This process is 

known as user clustering. The active user 

can be recommended a cloud service based 

on the mean of the suggestions of other 

customers in the cluster [24]. The Fig [1] 

shows the way in which users are clustered. 

Fig 1. User clustering based collaborative Filtering 

 

sim 𝑡, 𝑟 

=
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𝑚
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Where 𝐶𝑆𝑖𝑡 is the rating given by ‘user i’ to 

the ‘cloud service t’, 𝐶𝑆𝑖𝑟 is the rating of the 

remaining ‘cloud service r’ by the ‘user i’, 

𝐾𝑡 is the average rating of the ‘cloud service 

t’ of all the similarly rated customers, 𝐾𝑟 is 

the average rating of the remaining ‘cloud 

service r’ of all the similarly rated users, ’m’ 

is the number of customers who have rated 

the ‘cloud service t’ and ‘cloud service r’. 

Clustering of users is done through k-means 

clustering algorithm. K-means algorithm is 

extensively used for cluster analysis [23]. 

The primary function of this algorithm is to 

find clusters in the data. Each cluster has a 

centroid in it and the term ‘K’ represents the 

centroids of each cluster. The algorithm 

initially assumes the first k entities as the 

cluster centers. Then the pending entities are 

compared with the closest cluster center. 

Based on the new cluster centers obtained 

from the previous steps, cluster centers are 
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reallocated. The top k most similar entities 

are selected with the help of cosine measure 

sim 𝑡, 𝑟 =
 𝐶𝑆𝑖𝑡𝐶𝑆𝑖𝑟

𝑚
𝑖=1

  𝐶𝑆𝑖𝑡
2𝑚

𝑐𝑠𝑖𝑡
 𝐶𝑆𝑖𝑟

2𝑚
𝑖=1

 

Where 𝐶𝑆𝑖𝑡 is the rating given by ‘user i’ to 

the ‘cloud service t’, 𝐶𝑆𝑖𝑟 is the rating given 

by the user for the remaining cloud service, 

‘m’ indicates the total no of customers who 

have rated the ‘cloud service t’ and ‘cloud 

service r’. 

3.2. Computation Prediction 

The Weighted average of  nearby users’ 

ratings can be computed by the membership 

of the cloud service  obtained in the previous 

step [25]. Based on the ratings of similar 

users, the current user can be given a 

prediction with the help of the following 

formula.  

𝑃𝑢𝑡 =
 𝐶𝑆𝑢𝑖

𝑐
𝑖=1 × sim 𝑖, 𝑡 

 sim 𝑖, 𝑡 𝑚
𝑖=1

 

Here𝐶𝑆𝑢𝑖 specifies rating of the current cloud 

service customer ‘u’ to the nearby ‘cloud 

service i’, sim 𝑖, 𝑡 indicates the similarity of 

the ‘cloud service t‘ with the nearby 

‘customer i’ for all the similarly rated cloud 

services, ‘m’ specifies the total no of 

customers who have rated ‘cloud service t’ 

and ‘cloud service r’. 

4. Experimental Results 

The proposed approach is compared with the 

traditional approach. The similarity 

functions namely Pearson Correlation, 

Cosine similarity and Jaccord similarity are 

also compared. The results show that 

Jaccord similarity has the least error 

compared to Pearson correlation and Cosine 

Similarity. In all the three methods namely 

Item based CF, User based CF and Hybrid 

model, the Jaccord similarity has the least 

mean square error.  

 

 

 

As the no of neighbours increase, the mean 

square error reduces both for the traditional 

collaborative filtering method and Proposed 

collaborative filtering method. But the 

Proposed method has less mean square error 

compared to traditional method. Hence large 

dataset is used for collaborative filtering to 

get more accurate results. The mean absolute 
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error is also calculated for measuring the 

accuracy of the prediction. Mean Absolute 

error is calculated by taking the mean of the 

difference between the predicted ratings and 

the real ratings.  

 

 

 

 

 

5. Conclusion 

The cloud service selection is becoming a 

tedious job for the customers as the number 

of cloud services is increasing rapidly. 

Recommendation system can help the 

customers to choose the best cloud service 

from many functionally similar cloud 

services. The traditional methods provide 

less accurate predictions to the user. Hence, 

we have proposed a personalized cloud 
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service recommendation system based on 

the hybrid CF technique. The experimental 

results show that the proposed method 

outperforms the conventional techniques for 

cloud service selection. The Proposed 

method can be enhanced by integrating the 

semantic web technology into cloud service 

selection.  
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