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ABSTRACT: Infrastructure-as-a-Service cloud reduces the investment cost of using computing resources when compared
with the complicated and expensive traditional business applications. Software-as-a-Service providers, who rent the
infrastructure resources to run their applications and serve their customers, are influenced by a variety of characteristics and
capabilities of the available resources. As a result, the decision made by business service owners to lease and use certain
cloud resources is an important one in order to achieve the planned outcome i.e. service value.

In this paper, we use a value based approach to develop a new model for measuring the benefits of providing computing
services in cloud. Based on our approach, customer satisfaction is modeled not only based on the response time offered by the
application provider, but also based on the allotted budget. The profit of the service owner is determined according to the
revenue generated by serving the customer. Using our model, the application owner is able to direct and control the decision
of renting cloud resources as per the current strategy. This strategy is led by a set of defined key performance indicators. In
addition, we present a scheduling algorithm that can bid for different types of virtual machines to achieve the target value.
We conduct extensive simulations using different types of Amazon EC2 instances with dynamic prices. The results show how
the model presents an effective tool for the application owners to control, quantify and reach the needed value of their
services per customer request.
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1. Introduction

The high cost and effort required to operate traditional business applications makes it very important to improve organizational
efficiency and to reduce operational cost. With cloud computing, the shared infrastructure and services made it possible to
mitigate those issues by presenting it as a utility, where you only pay for what you need and transfer the headache of operation,
maintenance and upgrade to the other party.
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The use of Cloud systems leads to promising business models and benefits for both stakeholders, i.e. providers and end-users
[1]. These benefits may include greater efficiency, increased agility, improved compliance, reduced costs, limitless ability to
scale and on-demand resources.

As illustrated in Figure 1, a cloud can offer three service models: Infrastructure as a Service (raw computing services such as
CPU and storage), Platform as a Service (COTS, tools, middleware for developing and deploying applications) and Software as
a Service (end user services) [2].

Figure 1. Cloud computing deployment models

This new trend in technology, Cloud Computing, holds many challenges, and requires influential decisions to be taken. Deployment
choices are one of the major issues in determining the degree to which the objectives of the business service providers are met.
The value based approach presented in this paper is driven by prioritized business metrics provided by the provider to ensure
the desired decision is reached.

The remainder of the paper is organized as follows: section 2 presents the related works; section 3 describes the problem and
presents our approach. The evaluation and experiments of our approach are presented in section 4, section 5 is the summary and
future works.

2. Related Works

Several works have been proposed in the field of cloud computing to deal with different issues. The majority of these researches
focus on improving the performance of the cloud, privacy issues, availability, and distributed data storage.

Many other works proposed different approaches to identify and define the issue of business driven resource allocation.
Authors in [4], presented a method for achieving optimization in clouds by using performance models in the development,
deployment and operations of the applications running in the cloud. In comparison with our model, their presented optimization
model only considers the target of reducing the cost and uses the response time to determine the quality of the service (QoS)
provided to the customer.

Minimization of the costs of running the servers is presented by Ardagna et al. [5]. The system they consider is based on a
centralized network dispatcher which controls the allocation of applications to servers. The dispatcher can also decide to turn
on or off servers depending on the system load. Their model always tries to assign the application components to the machines
with the lower costs.

In [6], Burge et al. proposed algorithms for a cost-aware provider to maximize its profit. Their approach addressed which data
centres to use considering the energy cost of having the data centre on or off.  Sauv´eet al. [7] proposed a model that realizes
the best service value for the provider, but their model only considered the business losses due to IT service failure or
performance degradation. In addition, their work uses a static method for resource allocation and depends only on the response
time threshold and the minimum service availability to determine the level of the service provided to the customer.
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Profit maximization of using cloud resources has been presented by authors in [8]. Their approach answers the question of how
many resources a consumer should request from the seemingly endless pool provided by the cloud. However they modelled the
budget constraint as a function of response time and did not take into consideration the different types of VM resources or price
changes over time due to the competition for resources and also does not account for the waiting time.

Authors in [9] presented financial model which uses budget constraint to manage the cloud environment. The approach
responds to user QoS requirements by building new data structures and modelled the budget as a function of response time, at
the same time it can’t adapt with the number of VMs deployed.

A budget constraint scheduling of a workflow applications presented by authors in [10], they proposed a scheduling approach
to minimize the execution time while meeting the specified budget for delivering the result. Eventually, this can conflict with the
strategy of the provider in some stages.

A general architecture has been introduced by Aiberet al. [11], they presented a set of methodologies and technologies to
enable autonomic optimization according to different business level objectives. However, this architecture considered only the
objective of income maximization of a single e-commerce site. Another framework for managing a utility computing environment
has been presented by Abiet al. [12]. This framework only takes into account the provider’s view point and requires human
intervention to apply the management actions.

Authors in [13] presented an architecture for business driven IT management. They outlined a number of challenges that apply
to the cloud computing environment but without proposing a certain model. This architecture uses three layers: cloud layer,
business layer and the execution layer. Adopting this model by the cloud providers will allow for a business level governance.

In [14], authors discuss several facets of optimization in cloud computing and propose an architecture for corresponding
challenges. They consider a layered cloud where various cloud layers virtualize parts of the cloud infrastructure. Their architecture
takes into account different stakeholders in the cloud (infrastructure providers, platform providers, application providers and
end users).

Customer satisfaction models appeared in work presented in [15], where an improved trapezoidal fuzzy number is used to
express the satisfaction. Compared with our model, customer satisfaction is modelled as a function to the response time only.

Our work differs from the aforementioned works in providing quantitative measure using a value based approach, derived from
the value metrics measurement technique. This method will allow the business service provider to express the result of serving
the customer request and his planned outcome as values, i.e. business values or service values. In this sense, the service owner
is able to manage and control the computing resources to be used in more practical manner and in alignment with his current
strategy.

We will address the business objectives of the business service owner. These objectives are driven by a set of key performance
indexes (KPIs) that specify his\her priorities at the current stage. Churn, monthly recurring revenue and average revenue per
customer are examples of those potential KPIs [16]. At the same time, those objectives are integrated with the customer
preferences as well, the budget and the desired response time.

An algorithm to make the resource allocation decisions is presented to achieve the targeted value of the service owner. It
considers using multiple types of infrastructure resources with different capabilities and dynamic prices. To achieve this, we
modelled the target value of service owner, the customer request value (or customer satisfaction), revenue, cost, budget and
response time.

3. Problem Description

The efficiency of IT activities requires the ability to measure performance and cost across all cloud services, from infrastructure
to applications as a service. The Value Based Management framework (VBM), which is presented in Figure 2, makes those
aspects of cloud services transparent to organizations and provides a measurement method of the provided service. Therefore,
it enables fact based decisions to be aligned with business goals.
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As SaaS Owner providing my services to clients, I need to make suitable deployment choices of my application using IaaS
service (such as Amazon EC2) to process customer requests. This choice is driven by a set of business objectives and at the
same time has to take into account the customer’s requirements and priorities. These priorities are specified per processing
request. As a result, the value of the provided service is determined according to those choices. In this sense, the question is,
what are the best infrastructure resources to select in order to realize the best value of the service?

Figure 2. Representation of the VBM framework

The VBM framework presents multi-tiers architecture, the Service Layer where the services presented by the provider are
offered to the customers, this layer receives the processing requests from the clients and binds them to the processing queue
until it is assigned to a computing resource for execution. The second layer is the Business Management Layer which contains
the components that are related to the business perspective, these components are the Dashboard which provides the direction
for determining the business objectives and the Cloud Solver, the Solver is responsible for the placement decision making for
each processing request based on set of factors. The third layer is the Operation Management Layer which is responsible for the
operational part of the process through the Cloud Broker and the Executor and Monitor components, the first works with the
computing resources providers to bid for certain resources and the second works to dispatching the requests to their selected
resources and gets the feedback of what has been executed. The last layer is the Infrastructure Layer where the available
computing resources of the infrastructure providers come from.

Process wise, the time frame is divided into number of time slots as illustrated in Figure 3, the processing of customer requests
is performed during those slots. The windows between those slots are the period in which the rent decision is taken by the
system owner and the bidding for the selected VM types are done with the infrastructure provider. The processing request of
the customer can be received at any time and it has to wait until the next time slot to be considered by the SaaS owner; this
waiting time will be considered as a part of the request response time. If the execution of the request is not completed during the
current slot, the remaining unexecuted part will be moved to the next time slot. The remaining part of all incomplete requests and
the new coming requests are subject to bidding for new resources during the next bidding window. The type of resources, which
can be rent for the remaining part of the request in the next slot, could be different from the ones which were used in the previous
slots, this is determined by how the business value gets better.

Back to the Business and Operation Management Layers and in more details, the role of the Cloud Solver is to find the best
assignment decision of the service request to the computing resources proposed by the Cloud Broker. It depends on their cost
and computing capacity in order to achieve the required value for executing the service request. The role of the Cloud Broker is
to propose, at each bidding window, the available resources “VM instances” to the Solver in a vendor independent manner, and
makes the needed resources’ reservation as per requested by that Solver. Thus, upon the customer processing request, the
Cloud Solver and Cloud Broker will work closely in order to take a decision and rent the needed VM instance respectively in each
time window.
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Figure 3. Scheduling Process Time-Frame

Therefore, both of an IaaS and SaaS cloud models are considered in our model. UML representation of this model is presented
in Figure 4.

Figure 4. UML representation of VBM

The IaaS cloud service model is inspired from the Amazon EC2 Spot [17]. Table 1 presents a configuration list of different types
of spot instances on Amazon.

Table 1. The configurations of types of spot instances on Amazon
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The placement decision will consider the following:

• Profit:
The application owner charges the customer for the provided service, the price is not constant and depends on the value
presented to the customer as per agreed in the SLA between the two parties. The cost is also variable and depends on the type
and prices of the set of the VM instances used to deliver the service to the client at the moment of renting.

• Customer Satisfaction:
Client satisfaction will be quantified based on the budget allocated by the customer for his request and based on the response
time. The customer is also allowed to specify the compromising between the budget and the response time according to his
needs.

• Current Priority and Trend:
The priorities of the service provider changes over time based on strategy, focus on the customer satisfaction could be preferred
in some stages while the profit could be the most important in others. In this sense, the provider needs to control the operation
accordingly. This control can be derived from a set of KPIs that are updated on time upon serving each customer, as a result,
these KPIs can provide real time directions of the current priorities.  Discussion of the best KPIs to usefor that purpose is out
of scope of this paper.

The service value presented to the customer is denoted by , which is the sum of weighted values of all business objectives
under concern which in turn are calculated based on the defined value metrics for each. Therefore, this value is generally
formulated as follows:

(1)
The objective function is defined as

max

s.t.  
Where

 The value of business objective j;

xj Weight of 

The business objectives that we are concerned about in our model are the profit and customer satisfaction. To model the service
value, let’s suppose we have  customers’ request (R), each of them is modelled by the tuple ,
where RSize presents the request size that reflects the computing needs to execute the request,  and  represent the
allocated desired budget to execute the job R within the desired processing time respectively, by achieving these two parameters
the provider achieves the baseline value to the customer.  is the ceiling price, i.e. the maximum value, that the customer is willing
to pay according to the value he receives of his request, it, therefore, presents an incentive for the provider to get higher pay in
relation to the quality of service he provides to the customer, the compromising between the budget and response time is done
using the rates  and  which are provided by the customer, where .

On the other hand, the service provider has his own priorities, these priorities can be presented in the same way using the tuple
, where  and  represent the importance degree of the provider’s profit and the customer request value to his

business value, i.e. service value, where .

The profit of the application owner changes according to the revenue gained from the customer and the cost of the used cloud
resources as presented in formula 2.

(2)

Where
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MVM instances used to process the customer request;

Ci The price of using VM instance i;

 The customer request value which measures the customer satisfaction;

 Revenue function of serving request r which indicates the price the customer is willing to pay according to the value he
receives;

In fact, there could be no limitation for the formulation of , while the expected form of the function in our model is
to depend on the value presented to the customer in ascending manner and limited by a ceiling price  upon delivering the
maximum value to the customer; i.e.  . This can be described in the function types
presented in Figure 5.

Figure 5. Typical revenue functions: (a) Step function, (b) Concave function, (c) Convex function

For simplicity but, without losing generality, we’ll model the revenue as a step function with set of ranges to determine the
resultas follows:

(3)

Where  is a penalty rate determined by the SLA,  is the maximum price the customer tolerates to pay. The values of  can be
different per agreement with each customer as a part of the SLA.

The final customer satisfaction, i.e. customer request value, , is determined by the degree to which the acceptable value
of the request is satisfied as shown in formula 4.

(4)

Where
MVM instances used to process the customer request;

 The elapsed time to process the customer request on the instance i;

μ The total waiting time of request when its status is pending.
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To quantify the customer request value , we’ll use the value metrics technique to evaluate the actual delivered value to
the customer in comparison with the baseline value. Figure 6 presents an example of this metric for budget and processing time
objectives between the provider and consumer.

Figure 6. Value metrics chart

As shown in this example, the Qr is “two” when the desired objective value is reached, “one” or “three” values are when the
output is worst or better than the desired range by 10% to 20% respectively, Qr is “zero” or “four” when the output is worst or
better than the desired result by more than 20% respectively. Table 2 reveals an example of how to quantify the customer request
by calculating the Qr as a model of customer satisfaction.

Table 2. Qr Calculation example

As a result the objective function is formulated as in 5.

(5)

During the selection of the best instances at each time slot of the processing time frame, the total cost and the processing time
are calculated cumulatively as follows:

(6)

(7)

(8)
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The total cost, Ct, of request processing at each time slot, presented in formula 6, equals to the accumulated cost (Cac) of
previous assignments of this request to VMs in the previous computing rounds plus the multiplication of the cost of renting a
certain VM at the current round (Cc) and the remaining request size (Rrs), where Rrs is given by formula 7. Sc represents the
remaining unprocessed part of the request, and CC is the computing capacity of the nominated VM to be selected. This capacity
is compared to a standard VM capacity.

The other component of the customer request is the needed processing time which is calculated at each round using formula 8
based on the accumulated processing time . The waiting time, μ, is the idle period in which the request status is either not
started or waiting for bidding on the new rent in the next round, α is added as an error factor.

In this model, the next proposed algorithm is used to assign the  customers’ requests to combination of M resource (VM) type.
An illustration of the high level interaction of the model’s parts are presented in Figure 7.

Figure 7. High level illustration of model interaction

4. Evaluation

This section presents the evaluation of the simulation we conducted to our model and algorithm based on Amazon EC2
instances [17] and using CloudSim,”a framework for modelling and simulation of cloud computing infrastructures and services,
it provides a simulation package library developed on the top of SimJava that can run on both Windows and Linux platforms. It
inherits from GridSimprogramming model and supports research and development of cloud computing” [18].

The experiments aim to check the behaviour of VBM model when using different parameters, priorities and weights, computing
capacities and prices of instances of different VM types. We will evaluate how much it is significant to specify the provider
priorities and how it may affects his profitability, the effectiveness of different customer and provider preferences, and the value
of using different types of computing resources to handle the same processing request in comparison with using homogeneous
instances only.

4.1 The Importance of Provider Priorities
To present how missing or under estimating the provider’s business objectives may affect the result of renting, we run a
simulation of two cases as an example, each case has different provider objectives using the parameters shown in Table 3.

In this experiment, we generated 1000 requests with different sizes and repeated the simulation for 20 times, we used 4 different
types of VM instances with their prices as per provided by Amazon Spot Price history console.
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To show the impact of the provider’s objectives we set w1 and w2 to 25% and 75% respectively; this means that the processing
time is the most important objective from the customer point of view.

Results presented in Figure 8 show how highly considering the customer objective (P1 is 80%), who in his turn prefers the
processing time over the budget objective, may cause provider profit loss (0.0674-0.002=0.0654$) in comparison to case 2 when
the profit is the most important objective (P1 is 80%). This shows how it is important to specify the priorities of the provider to
avoid undesired outcomes.
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Table 3. Parameters of different provider objectives simulation

Figure 8. The importance of provider priorities

Table 4. Randomly generated parameters
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4.2 The Relationship between the Cost, Processing Time and Profit
Using randomly generated parameters presented in table 4, figure 9 shows the result of our simulation. As expected, it shows
that the processing time goes down as the cost increases. This is back to using instances of higher price with greater performance
capabilities. At the same time, the experiments show that the profit will decline in instances where rent is more expensive, this is
back to having a smaller profit margin.

Figure 9. The relation between the cost, processing time and profit

Figure 10. Correlation between processing time resources and selected resources

Therefore, when the processing time is the most important factor to the customer and the customer satisfaction value is the most
important for the provider, the provider has to utilize the more expensive resources with the greater computing capacity and so
with higher price and as a result will have less profit. A correlation diagram illustrated in figure 10 reveals the result of customer
requests simulation in which the provider prefers the customer satisfaction rather than the profit. A positive correlation is shown
between the two variable where it is clear that the higher priority the higher resources cost. In this sense, the model rents the
resources that have greater capabilities(which have higher cost) in order to get faster processing of the customer request.

4.3 Different Instances Types
To check how using more than one instance type may improve the provider performance, we compared our algorithm with three
baseline algorithms introduced by [19], named as BL-small, BL-large and BL-xlarge, which always rent Small, Large and Extra
Large homogeneous instances from the candidate VM instance type set to process user requests respectively.
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As shown in Figure 11, our model achieves the higher average of profit and provider business value. BL-Small comes next in
profit because it always uses cheap resources which means a higher profit margin, while the usage of the super resources leads
to a negative profit (loose). On the other hand, BL-Super has a little advantage in achieving better customer satisfaction due to
its ability to provide a very high rate of response time to the customer, since it depends on resources with high computing
capacity.

Figure 11. Using different instances types

Also, it is clear that the profit goes down whenever the algorithm uses the resources with the higher computing capacity, at the
same time this is generally associated with achieving better customer satisfaction.

4.4 The Effectiveness of Different SaaS Provider Ratios
This section examines how different priorities of provider objectives affects the profit, customer value and provider business
value. For this purpose we used three different ratios of P1/P2 (50/50, 20/80, 80/20) and run a set of repeated  simulations with
randomly generated weights of customer metrics (W1 and W2) as presented in Table 5. Figure 12 shows that the average profit
(multiplied by 1000) is highest when its priority is 80% and lowest when it is 20%. Qr also had different values according to its
priority and its value got larger when it’s 80% while  changes slightly.

Figure 12. Provider business objectives



  International Journal of Web Applications   Volume   10   Number   1   March   2018                     35

Table 5. Parameters of randomly generated weights of customer preferences

4.5 The Effectiveness of Different Customer Ratios
To measure the impact of customer preferences on the provider business value, we used various W1/W2 ratios, 50/50, 20/80 and
80/20. As presented in Figure 13, when customer prefers the processing time over the cost, the provider will have a smaller
margin to achieve profit because the broker will try to rent the instances with the high price and high performance capacity.

Figure 13. The effectiveness of different customer ratios

5. Summary and Future Work

Clouding systems management is complex operation because of the diversity, complexity, and scale of cloud systems. It is
typically done using technical metrics (e.g. CPU utilisation), which may not optimise business metrics (e.g. profit).

In this paper, we presented a value based approach that accounts for business driven preferences of SaaS provider when using
different kinds of IaaS VM resources. This model, VBM, mainly coupled two factors that reflect the business objectives, profit
and customer satisfaction, and can be generalized to include other components and attributes that count for the final value,
either from the customer perspective or the service owner perspective. In this sense, the system management is driven by a set
of KPIs that are aligned to the business objectives of the service owner at the current stage.
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From practical point of view, this research is further endeavour towards the motivation of the adoption of cloud service. It
provides the service owners in the cloud environments with a model to control and manage the services they own in dynamic
and flexible manner. This will encourage even the small and mid-size enterprises and providers to build and provide new services
for public and to reach new customers with the least upfront investment and adapt their decisions in alignment to their strategy
focus, i.e. profit, customer satisfaction.

Future work will focus on the utilization of our model in the hybrid environment, private and public clouds, in order to make the
most suitable hosting decision based on the enterprise objectives and environment characteristics.
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