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Abstract: Cloud computing is a service which provides 
virtualized resources conforming to the end-user needs. 
Infrastructure, platform and software included in it. For the last 
two decades, it has achieved very gigantic growth. Currently, there 
are several cloud service providers in the market. The primary aim 
of this research is to minimize cloud service violation. It helps the 
service providers in exempting the penalty enhancing their 
reliability. So, cloud service QOS prediction is a research problem 
that must be solved. It is a very necessary thing for cloud service 
providers and cloud users. We have discussed several QoS 
prediction related to researches in the literature survey. But none 
of them has given a satisfactory QoS prediction. In this paper, we 
proposed a Tanimoto Coefficient Similarity-Based Deep Learning 
Method for QoS ranking prediction. The analysis helps service 
providers choose a suitable prediction method with optimal 
control parameters so that they can obtain accurate prediction 
results and avoid violation penalties. In comparison with the prior 
method in practice, the proposed method is more significant in 
terms of prediction accuracy, prediction time and error rate. 
 

Keywords: Deep Learning, Artificial Intelligence, Ranking 
Prediction, Optimization, QoS, Cloud Computing.  

I. INTRODUCTION 

Cloud computing is a developing technology that is 
exponentially increasing the interest among users to use 
cloud applications [9]. Cloud computing is a model for 
enabling ubiquitous, convenient, on-demand network access 
to a shared pool of configurable computing resources that are 
rapidly provisioned and released with minimal management 
effort. Cloud services are the broad category that 
encompasses the many IT resources provided over the 
internet. Besides, it also describes the professional services 
that support the selection, deployment and ongoing 
management of many cloud-based resources. Cloud services 
are introduced to present easy, scalable access to 
applications, resources and services that are fully managed by 
the cloud services provider. Quality-of-Service (QoS)[10,11] 
is an essential idea for service selection and user satisfaction 
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in cloud computing. QoS rankings present valuable 
information for optimal cloud service selection from a set of 
functionally equivalent service candidates. QoS ranking 
prediction is the process of predicting the top-ranked cloud 
services. But, the existing ranking prediction techniques 
failed to increase the prediction accuracy and to reduce the 
prediction time. 

Cloud service's QoS in next period helps the user in the 
determination of most adaptable services. Also, there are 
various classic QoS prediction approaches which comprise of 
collaborative filtering technology Bayesian networks, 
case-based reasoning, and combinational prediction 
approach. However, the existing ranking prediction 
techniques failed to increase the prediction accuracy and to 
reduce the prediction time. In turn, to rectify these limitation 
found in cloud service, this paper is proposed novel cloud 
QoS ranking prediction using Deep Learning and Tanimoto 
Coefficient Similarity. 

The rest of the paper is synchronized as Section 2 analyses 
the related work. Section 3 explains the proposed system 
methodologies. The experiments are conducted in Section 4. 
Finally, Section 5 concludes the paper and gives a list of 
future work. 

II.  LITERATURE REVIEW 

In this section of the paper shows various types of QoS 
ranking prediction algorithms already proposed are briefly 
described. 

Shuai Dinga et al proposes two algorithms for predicting 
cloud QoS: Multirank1 and Multirank2 [1]. Both of these 
algorithms improve accuracy and service diversity. 
According to this method, similar users first find out by 
kendall rank correlation coefficient. Secondly, the Preference 
function between users is calculated. Based on this method, 
the diversity of recommended services is computed by the 
Multi Rank1 algorithm. Finally, the missing QoS value is 
predicted using the multi-objective optimization method. 

Hua Ma et al introduces a time-aware method for 
predicting cloud Quality of Services. The Interval 
Neutrosophic Set (INS) theory was used here to measure the 
reliability of cloud service [2]. Kendall Rank Correlation 
Coefficient (KRCC) is used here to find neighbouring users. 
New INS operators with theoretical proofs were introduced 
to calculate the degree and ranking values. Time-aware 
trustworthiness ranking prediction was invoked for creating a 
ranked service list. 
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Jieming Zhu et al developed an adaptive matrix 
factorization(AMF) method for Online QoS Prediction [3]. 
This AMF method is inspired by the commonly used 
collaborative filtering techniques. Further, this proposed 
AMF method incorporates online learning, adaptive weights 
and Box-Cox transformation methods. When the AMF model 
is updated, Adaptive Weights is used here to manage step 
size. An accurate user does not move to a large extent 
consistent with an inexact service while inexact user requires 
to move lot regarding accurate service. The stochastic 
gradient descent algorithm failed to increase the performance 
of prediction. 

K. Jayapriya et al proposed correlated QoS ranking 
algorithm for QoS Ranking Prediction. In this way, QoS 
ranking prediction is implemented using correlated QoS 
ranking algorithm and data smoothing technique. According 
to [4] Correlated Qos Ranking is used to find a similar user 
and QoS Data Smoothing technique was used here to 
pre-process a very noisy data-set. To evaluate the accuracy, 
six different types of correlated ranking algorithms have been 
developed and compared with already developed methods. 

Dileep V K et al proposed Multi-Objective Particle Swarm 
Optimization Based Ranking System for cloud quality of 
service prediction [5]. This method consists of three modules: 
screening, optimal pseudo services and clustering process. 
Based on this method, the appropriate candidate’s services 

are selected through the screening module. Besides, 
candidate services are optimized by a multi-objective particle 
swarm optimization algorithm. Finally, the best services are 
selected through the hierarchical clustering algorithm. 

According to the literature survey, various service 
violation has been detected. Our chief aim is to provide the 
service that is mentioned in the Service Level Agreement 
(SLA) to the cloud users from n users and m service through a 
good QoS prediction method and thereby reducing the QoS 
violation of the cloud service providers multiple times. For 
this, first, find out the similar user and similar services 

III. PROPOSED METHODOLOGY 

In this research, plan to develop a Tanimoto Coefficient 
Similarity-based Deep Learning Networks Ranking 
Prediction Model for Cloud Service for better prediction 
accuracy and minimum ranking time. In this model, the user 
who requests for the ranking prediction is termed as an active 
user. Tanimoto coefficient calculates the degree of similarity 
between the two samples. Tanimoto Coefficient Similarity 
Measure is used to find the similarity between the active user 
‘u’ Then, top-k users who are similar to user ‘u’ are neighbor 
users Te values of similarity measures usually range from 0 
to 1. Where 0 represents a non-similar user and 1 represents a 
similar user. The architecture of the proposed system is 
shown in fig 1. 

 
Fig 1: Architecture of Proposed Method 

A. QoS Matrix 

The QoS values are in a three-dimensional matrix format. 
Its architecture is shown in Fig. 2. M number of users 
U={U1,U2,U3---Um} using n number of services S={S1, S2, 
S3…Sn). In this QoS Matrix, QoS values such as response 

time, throughput, latency, etc Q={Q1, Q2, Q3…Qn} used by 

users U. 

 
Fig.2. Architecture three-dimensional QoS matrix 

B. Similarity computation  

In some case, each attribute is binary such that each bit 
represents the absence of presence of a characteristic, thus, it 
is better to determine the similarity via the overlap, or 
intersection, of the sets. Simply put, the Tanimoto Coefficient 
uses the ratio of the intersecting set to the union set as the 
measure of similarity. Represented as a mathematical 
equation.  
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Through the similarity computation, we can find similar 
cloud users and similar cloud services. To find the similar 
user Su use formula 1. 

 
In this, U denote the total number of users. Ui denotes that 

the number of users U are involved in service i. 

 
Formula 2 is used to find out similar service Si. In this I 

represents the total number of services. Iu denotes the service 
that is invoked by user u. 

C. Deep Learning Method 

Deep Learning Method [7][8] is based on the human brain. 
It is a soft computing technique that can solve the problems 
that cannot be solved by man. It has three important layers: 
input layer, hidden layer and output layer. Through the input 
layer, we provide input to Deep Learning Method. The 
hidden layer is placed between the input layer and the output 
layer. The Deep Learning Method provides the result to the 
users through the output layer. Its architecture is shown in Fig 
3. 

 
Fig.3. Structure of Deep Learning Methods 

D. Feature selection and learning  

Learning is an important process of Deep Learning 
Method. In our proposed method we take features from 
already used historical QoS data set and train them. For this 
purpose, we use the WSDream dataset. It is an open-source 
QoS dataset. It has been developed primarily for cloud QoS 
research. There are 5825 services and 329 users in this 
dataset. Moreover, two types of QoS metrics information’s 

are available. E.g. Response time and throughput. Using 
formula 1 and 2 we find similar users and similar services and 
train them to the Deep Learning Method model. K-fold 
cross-validation method is used to test the proposed QoS 
prediction model. In this experiment, we test the proposed 
method in the ratio of 10:1. E.g. 90% of data is used for 
training and the remaining is used for testing. By this way, 
the top-ranked user's cloud service gets predicted with 
minimal time consumption and higher accuracy. 
Experimental evaluation is carried out on factors such as 
prediction accuracy, prediction time and error rate with 
respect to the number of historical cloud user service. 

IV. EXPERIMENTAL ANALYSIS 

The performance of the proposed Deep Learning-based QoS 
prediction method for Cloud services is evaluated by the 
following experiments. 

A. Dataset and Experiment Configuration 

The Cloud platform used in this paper is under windows 
operating system. WEKA [6] open-source AI tool is used for 
implementing this ranking prediction model.  Moreover, Java 
JDK 1.8 is used as a software development environment, 
Eclipse IDE as an integrated development environment, used 
Tomcat 8.0 as a web server. The accuracy parameters of 
ANN are used for experimental analysis: accuracy, 
prediction time and error rate. 

Accuracy: Accuracy is one metric for evaluating 
classification models. Formula 3 is used to find out the 
classification accuracy. 

 

    (3) 

 
Prediction time: The classifier takes the time to predict the 

QoS value. It is measured in milliseconds (ms).  
Error rate: The classification error Ei of an individual 

program i depends on the number of samples incorrectly 
classified and is evaluated by the formula 4. 

 
Where f is the number of sample cases incorrectly 

classified, and n is the total number of sample cases. 
Table1 performance comparison by accuracy 

Method Accuracy (%) 

Proposed Method 88 

Multi-objective [1] 82 

Time-aware trustworthiness [2] 84.3 

Adaptive Matrix Factorization [3] 85.9 

Correlated QoS ranking algorithm [4] 79.6 
Multi-Objective Particle Swarm Optimization 
[5] 75.4 

 
Fig.4. Accuracy chart 
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Table1 shows the accuracy of the proposed method and the 
state of art algorithms. Fig4 shows the accuracy chart. It 
shows that the proposed Deep Learning Method for QoS 
Ranking Prediction methods achieve better accuracy than the 
existing methods. 

Table2 Error rate 

Method Error Rate (%) 

Proposed Method 12 

Multi-objective [1] 18 
Time-aware trustworthiness 
[2] 15 
Adaptive Matrix 
Factorization [3] 14 
Correlated QoS ranking 
algorithm [4] 42 
Multi-Objective Particle 
Swarm Optimization [5] 26 
 

 
Fig.5. Error rate chart 

Table 2 and fig5 shows the error rate of the proposed method 
and the state of art algorithms. It shows that the proposed 
Deep Learning Method for QoS Ranking Prediction method 
reduces the error rate multiple times than existing QoS 
Ranking Prediction methods. 

Table 3 Prediction time 

Method Prediction Time(ms) 

Proposed Method 0.12 

Multi-objective [1] 0.34 

Time-aware trustworthiness [2] 0.37 
Adaptive Matrix Factorization 
[3] 0.39 
Correlated QoS ranking 
algorithm [4] 0.39 
Multi-Objective Particle Swarm 
Optimization [5] 0.41 

 

 
Fig.6. Prediction time chart 

Table 3 and fig 6 shows the average QoS prediction time for 
the proposed QoS Ranking Prediction method and the 
existing methods. It shows that the Deep Learning Method 
reduces the QoS prediction time multiple times. 

V. CONCLUSION 

With its extensive features offered, cloud computing draws 
the need of the next generation in computing model. Due to 
its significance in science and commercial computing, it is 
widely utilized in academia and industry. The Quality of 
Service (QoS) is the most predominant factor among the 
selection of varied cloud services. Here, the paper describes 
all about a personalized QoS ranking prediction framework 
for cloud services where the proposed method is based on 
Deep Learning Networks and Tanimoto Coefficient 
Similarity. Also, the obtained results are analyzed with its 
prediction accuracy, prediction time and error rate. In spite of 
this system precise optimal ranking prediction with low error 
rate. Henceforth, the experiment results in demonstrating the 
efficiency of the system over the prior four approaches with 
the rate of higher accuracy. 
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