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Abstract: Predicting application performance concerning the 
parameters such as processor, network, memory, and disk needs 
to be analyzed and the model is to be built up for various non-
functional requirements in cloud computing. The NFR include 
availability, portability, security, reliability, etc. Cloud computing 
provides a way for provisioning of resources in one of the three 
ways. The first could be cloud infrastructure, the second could be 
provider infrastructure or the third could be a combination of 
both. Specifying NFR and ascertaining the required resources 
requires a lot of knowledge and therefore the various models are 
built up in this context. To exploit the cloud computing domain 
software engineer's needs to quantify various requirements of the 
application and based on that framework needs to be designed 
and developed for controlling cloud services at the multiple levels 
of abstraction. In this paper, we will analyze models evaluating 
various NFR affecting the efficacy of application in a cloud 
computing domain. The model could be both working for static 
as well as dynamic implementation.  

Keyword: NFR--Non-Functional Requirement, MTTF, 
MTTR 

I. INTRODUCTION 

Requirement engineering is the method or process to 
discover, properly document and manage the requirements 
for a computer-based system that in itself is complete, 
relevant and follows consistency [1]. It acts as a foundation 
for any type of system or application software. The 
Requirement elicitation, analysis, specification, and 
verification are the four building blocks of the requirement 
engineering process. Although negotiation, documentation is 
also an integral part of the requirement engineering process. 
At project inception, some questions are asked from the 
customer to set up an essential comprehension of the issue 
and the nature of the solution that is desired is analyzed. 
Requirement elicitation is the phase where the customer is 
asked about the objectives of the system that is to be 
accomplished on a per-day basis. The data acquired from the 
client during inception and elicitation is extended and 
refined during elaboration.  
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This phase emphasizes on building up a refined specialized 
model of software features, functions, and imperatives.  
Different users of the software may process conflicting 
requirements. In this manner, the Requirement engineer 
must accommodate these contentions through a procedure of 
negotiation. The specification is the rearmost task delivered 
from the side of requirement engineer. It fills in as the 
establishment for ensuing software engineering activities. 
Requirement validation examines the determination to 
guarantee that all product necessities have been expressed 
unambiguously.  
NFR manage the qualities of the framework that can't be 
communicated as functions. These requirements address 
aspects concerning maintainability, portability, usability, 
concurrent users, timing, throughput, etc. It might likewise 
incorporate unwavering quality issues, the precision of 
results, human PC interface issues and imperatives on the 
framework execution. The non-functional requirements are a 
non-negotiable obligation that must be supported by the 
system. IEEE 870 standard lists four types of NFR: EI 
requirements, performance requirements, limitation, and 
software system attributes.  NFR can be abstract since they 
can be seen, deciphered and assessed contrastingly by 
various individuals.  The Non-functional necessity can 
likewise be relative since the understanding and significance 
of it might shift contingent on the framework being figured 
it out. Cloud computing implies controlling, planning and 
getting to the application on the web. Two models make 
cloud computing progressively plausible and  
open to end clients. The first one is the deployment model 
which determines the kind of access to the cloud. The access 
can be of four kinds: Public,private, hybrid and community. 
The public cloud permits access to services and systems 
publically which could lead to compromise in security. The 
private cloud permits systems and administrations to be 
open inside an association. The community cloud permits 
access to services and system only to a certain group of the 
organization. The hybrid cloud is amalgamation of private 
and public clouds. Essential exercises are performed 
utilizing private cloud and non-fundamental activities are 
performed utilizing open cloud.The second one is the 
service model and this can be categorized into three 
primitive service models i.e. Software as a service (IaaS), 
Platform as a service (PaaS) and Infrastructure as a service 
(SaaS). 
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A model captures aspects important for some applications 
and omitting the rest. About software development, the 
model can be textual, graphical, mathematical or program 
code based. For modeling the different nonfunctional 
requirements in cloud computing, we must evaluate the 
various issues and those can be said to be the major inputs 
required. Like for portability, we need to look for OS 
images, hardware, etc. For the reliability, the MTTF (Mean 
time to fail) and MTTR (Mean time to repair) are evaluated. 
It also requires resources for application backup. For 
availability uptime percentage, user location, load balance 
and contract time are the inputs. For efficiency throughput, 
workload and response time could be the features that need 
to be asked by the user. Likewise, for fault tolerance, cost 
estimation, and security the other features or factors could 
be the major inputs of the system. 

II. FACETS OF SURVEY 

In this section of the paper, we shall discuss our aspect of 
surveying the vast and early research of requirement 
engineering to the importance of NFR in the new scenario. 
We shall discuss the emergence of cloud computing and its 
role in today's generation. Then we shall go for the NFR 
usefullness in cloud computing and perform the survey of 
related works. We will discuss various NFR models in cloud 
computing that are built up for predicting and analyzing the 
application performance. We will discuss various cloud 
monitoring services and application resource estimation 
techniques. 

A. Requirement Engineering 
An overview of 8000 tasks attempted by 350 US 
organizations uncovered that 33% of the activities were 
rarely finished and 50% only get partially completed with 
incomplete functionalities, real cost overwhelms, and huge 
deferrals [5]. At the point when gotten some information 
about the reasons for such disappointment official chiefs 
distinguished poor prerequisites as the real wellspring of 
issues (about portion of the reactions) - all the more 
explicitly, the absence of client involvement(13%), 
necessities deficiency (12%), evolving necessities (11%), 
unreasonable desires (6%), and hazy destinations (5%). On 
the European side, an ongoing review of more than 3800 
associations in 17 nations likewise inferred that the greater 
part of the apparent programming issues are in the territory 
of necessities determination (>50%) and prerequisites the 
executives (half) [6]. 
The Quality of the product is unexpected to necessity 
elicitation, prerequisite investigation, and necessity of the 
executives [9]. The specialists have ejected a technique 
'Abstraction based requirement management (AbstRM) to 
overcome elicitation's difficulties in necessity building. The 
data ends up opposing and inconsistent as it has been 
obtained from various sources. Also, manual prerequisite 
examination, the revelation of significant procedures and 
location of deliberations from situations have been 

preeminent difficulties for necessity elicitor [10]. The 
specialists ejected a device known as AbstFinder [11] which 
records significant terms known as 'abstraction identifiers.' 
The idea is utilized to group identifiers arrays into various 
classes, for example, operators, elements, activities, 
objectives. The Explanation for every abstraction identifier 
is recovered from situations. 

Table -I: Views on requirement engineering 

 

▪ Modeling the Requirement: In all the effort we did to 
study requirement engineering it was understood that 
modeling is the kernel part of requirement engineering. 
The multiple intertwined activities of requirement 
engineering  can be performed only with the help of 
modeling. The models serve as the basis for a common 
interface to such activities. They also provide the 
platform for documentation and evolution.  

▪ Functional Requirement: Functional Requirement 
determine a capacity that a software framework or part 
of it should have the option to perform. It very well may 
be reported in different ways. The commonly used ones 
being are composed depictions in archives and use 
cases. During the development of use cases, the set of 
actors is defined. The actors are nothing but the set of 
users who utilize the framework inside the setting of 
functions that needs to be delineated. They speak with 
the framework and are outside to the framework itself. 
Each use case must define the set of primary and 
secondary actors identify their goals, task or function to 
be performed by them, the information that the system 
will acquire, produce or change, the precondition that 
must exist before the scenario begins or the exception 
that can be dealt with dealing with the description of 
scenario. The elements of the analysis model can be 
scenario-based, class-based, behavioral or flow-
oriented.  
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In the scenario-based, the framework is depicted from the 
client perspective by utilizing activity and use cases  
diagrams. In class-based , the realm classes of the objects 
exploited by the actors are identified. They use class 
diagrams to depict the attributes of the classes and their 
interaction. The behavioral element uses a state diagram to 
depict the state of the system and the event that causes 
alteration of the event. For flow-oriented, DFDs are used to 
manifest the input data that approach  towards the system, 
the functions that are used to do the transformation and the 
output data that is generated. [12], [13], [14], [15], [16] and 
[17] have contributed much in this field. 
▪ Non Functional Requirement: In the context of software 

system engineering IEEE defines NFR as the software 
requirement which not only explains what is to be done 
but how it will be done. Lawrence Chung views NFR as 
"Informally stated, often contradictory, difficult to 
enforce during development and  
▪ Table -II: Comparision of NFR Architecture 

 
evaluate to the customer before delivery". There are many 
NFR which can be stated as:Security, portability, 
reliability,agility availability and etc. These many 
requirements can be classified under various classification 
schemes. Such can be requirements for 
performance,interface,operation, and life cycle, 
economical and political. The other classification is done 
considering the product, process and external interfaces. 
There are even some approaches to non-functional 
requirements such as process vs product approach, 
quantitative vs qualitative approach, etc. Thomas [18] 
stated that meeting the non-functional requirement is very 
critical but if elicited properly the challenge can be met. 
The network diagram stated by Golden and Finkelstein 
[19] traces the impact it has on other system requirements 
by changing or appending some of the other non-
functional requirements.  The use case diagrams are not 
employed to specify the constraints of non-functional 
requirements instead of the graphical notations given by 
Firesmith [20]   and mathematical terms are used. Cortesi 
and Logozzo [21] stated that non-functional prerequisite 
can be approved by creating models or devices and 
applying the unique elucidation based static investigation 

of source program and choice of theoretical area. The 
objective arranged methodology gives necessity designers 
to comprehend the non-useful prerequisite and investigate 
them with maximum capacity.  

B.      Cloud Computing  

The National Institute of Standards and Technology (NIST) 
says “Cloud computing is a model for enabling convenient, 
on-demand network access to a shared pool of configurable 
computing resources for example networks, servers, storage, 
applications and services that can be rapidly provisioned 
and released with minimal management effort or service 
provider interaction.” NIST also categorizes cloud 

computing “as a service” of three offerings namely 

infrastructure, platforms and software. These services can be 
analyzed in the following ways:  

▪ Cloud IaaS (Infrastructure as a Service):  
     A Cloud Infrastructure comprises of a pool of 

exceptionally preoccupied and versatile framework 
gadgets existing in different supplier server farms 
associated over private web associations where a 
believed outsider is accused of upkeep and portion. 

▪ Cloud PaaS( Platform as a Service): 
     A Cloud stage executes a virtual occasion of a center 

arrangement of usefulness with basic highlights, for 
example, client sign up, security, revealing and so forth. 
It enables designers to expand over the case the 
customization for explicit needs and to also construct 
includes over the stage, for example, making of 
structures, information section gathering, report 
composing and so forth without composing the 
programs. 

▪ Cloud SaaS( Software as a Service): Cloud 
programming is a product part of distributed computing. 
It is the most obvious part since it faces the end clients. 
It gives Application Programming Interface (API) which 
enables the engineer to build up a redid application. SaaS 
has demonstrated to be advantageous as far as execution, 
versatility, productivity and substantially more. 

 
▪ Cloud Monitoring Services: 

▪ Cloud Harmony [32]: This service reports 
benchmarks for the public cloud providers that 
endorse comparisons related to performance, 
network, uptime, etc. To gather the measurements 
observing administrations is situated inside and 
outside of the cloud supplier. Some standard 
applications are likewise executed to process the 
equivalent. 
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▪ Cloud Sleuth [33]: This service provides a tool called 
cloud provider view. This device screens the 
apparent reaction time and the level of accessibility 
of cloud suppliers in various urban communities 
around the globe. 

▪ Cloud Status [34]: This instrument is incorporated 
into the Hyperic and it gathers ongoing perception of 
cloud supplier measurements, for example, 
accessibility, reaction time, idleness and throughput.   

▪ Application Resources Estimation Techniques: Stewart 
and shen [35] have proposed the model to estimate the 
performance of the online application. They have 
obtained a profile of each component, communication 
channels and overhead of remote invocation to give the 
input in a linear model which gives the workloads, 
estimates throughput and response time to forecast the 
finest placement strategy for components. Shimizu [36] 
also presents an approach to predict several resources 
that an application would require to be executed. This 
work presents a solution that acts independently of the 
platform where applications are deployed. They have 
proposed to make a profile of the application with a 
specific workload in different platforms taking estimates 
of computing, communication and storage parameters. 
These parameters are inputted into the linear 
mathematical model that allows estimation of resources, 
response and execution time for static workloads in 
different conditions of hardware. Wood [37] also 
estimates the resources in an application deployed in a 
virtualized environment. This has used a linear 
regression model to estimate the resources. Kundu [38] 
proposes a neural network model that iteratively 
increases the accuracy of the model.  

 
III. NON-FUNCTIONAL REQUIREMENT CLOUD 

COMPUTING 

Table-III: NFR models 

 

      NFR are used to take care of the issue for  resource 
estimation in a cloud computing environment. They are 
used to classify from the administrator the constraints 
and performance required from the application. They can 
be used to identify the most suitable cloud provider. The 
non-functional requirement can be prioritized to select 
the cloud provider. Hence we can say that cloud 
providers cannot be only selected based on price but the 
priority for the need in an application. 

 

A.   General nfr in cloud computing 

     Some non-functional requirement needs to be discussed 
to propose the model in the future perspective and they 
are as follows: 

▪ Portability: It is the effectiveness of the application 
to be executed on various stages. 

▪ Reliability: It is related to the resources required to 
run an application backup. Although Mean time to 
failure (MTTF) and Mean time to repair (MTTR) 
should be asked from the administrator. 

▪ Agility: It is the ability to integrate new 
capabilities.  

▪ Availability: The system can respond to the user 
request. The administrator must be asked about the 
minimum percentage of the uptime required. 

▪ Fault tolerance: It is the property that specifies how 
the system can withstand errors. The errors can be 
software or hardware-based both. 

▪ Security: The security of the system is mostly of 
utmost importance and that should not be 
compromised.   

B. Tools to compare and estimate resources in cloud 
providers 

Let us discuss some ideas pertaining  to the task of 
resource estimation and finding the better among the  
cloud provider for a particular  application.  

Table-IV: Tools for resource estimation 
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V.  RESULTS AND DISCUSSION 

In this section of the paper, we would like to propose our 
model for the framework which determines the priority of 
NFR according to the application needs in the cloud 
computing environment.According to the data collected 
from science direct the following five NFR holds priority in 
the list whether it be any type of application.  The Various 
graphs depict the work done in the field of particular NFR. 
We can classify NFR from a product to process-based, 
qualitative to quantitative-based, etc. Therefore different 
scenarios can be made according to the application needs 
and the different cloud providers can be determined based 
on that priority.  

 

Fig.1. Statistical data from science direct 
We are proposing a model in which the NFR priority can be 
set based on Binary codes. For any application, the two most 
prioritized NFR the Boolean code 0 and 1 can be assigned. 
For the next four prioritized NFR, the code could be 00, 01, 
10 and 11. The process can go on as per the requirement of 
the application. Suppose if for the given application the 
sequence of priority set is {security, portability}, 
{reliability, agility, availability} … and so on then it can be 

depicted in the tabular form as follows: 

Table-V: Prioritization of NFR 

 
We propose to categorize the non-functional requirement 
into four quadrants of priority and that can be very high, 
high, low and very low. The higher the priority the lower is 
its binary code. In the static implementation where the 
priority of NFR will be fixed before the deployment of the 
cloud for the particular application the binary codes will 
remain the same throughout and hence the specification 
once written will not change. The specification of NFR will 
be written in the equation form and the same would be done 
for cloud providers. The third-party which is the cloud 
provider will be responsible for matching the equation and 
thereafter providing the service according to the NFR of the 
application. 
In case of dynamic implementation where the NFR priority 
may vary from time to time and again the job of cloud 
provider will increase. The specification equations will 
change dynamically and hence the action has to be 
reciprocated. If the priority of NFR will vary in its set itself 
then no severe action needs to be taken. But if the priority of 
particular NFR changes the set then the service from that 
cloud needs to be discontinued. The equation will again be 
formed and matched with the cloud specification. The goal-
oriented requirement engineering would be the inspiration 
for this work. 

V.  CONCLUSION 

The work presented here is more of a survey starting from 
the late seventies to date in the field of requirement 
engineering to the significance of NFR in cloud computing. 
In the first section of the paper, we tried to elaborate on all 
the issues, aspects and even processes of requirement 
engineering, NFR, cloud computing, and formal methods. In 
the second section to specify our work, we started from the 
related work done in the field of requirement engineering to 
its modeling and then to NFR. In the same section, we 
discussed cloud monitoring services and application 
resource estimation techniques. In the third section, we have 
confined our research to the only Non-functional 
requirement in cloud computing. We have discussed some 
general NFR holding importance in a cloud computing 
environment. Then the tools to compare and estimate 
resources in cloud providers have been discussed. In the 
fourth section, we have proposed our model of specifying 
and verifying the NFR using binary codes in the equations 
for static as well as dynamic implementation. 
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The NFR is the main objective of intensify the performance 
of an application in a cloud computing environment in terms 
of processor, network, and memory. Therefore in the future 
perspective, we will take  our model to its next level and 
present the deliverable which is more impactful to NFR. 
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