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Áåñïðîâîäíûå ñåíñîðíûå ñåòè âìåñòå ñ îáëà÷íûìè âû÷èñëåíèÿìè ôîðìèðóþò îñíîâó äëÿ ñî-
çäàíèÿ øèðîêîãî ñïåêòðà íîâûõ òåõíîëîãèé äëÿ Èíòåðíåòà âåùåé è äðóãèõ èííîâàöèé â îáëà-
ñòè èíôîêîììóíèêàöèîííûõ ñèñòåì. Ðàñïðîñòðàíåíà ìîäåëü, ñîãëàñíî êîòîðîé èíôðàñòðóêòó-
ðà ñåíñîðíûõ ñåòåé ïðåäîñòàâëÿåòñÿ ïîëüçîâàòåëþ êàê óñëóãà, êîíòðîëü è óïðàâëåíèå êîòîðîé
îñóùåñòâëÿåòñÿ ñ ïîìîùüþ îáëà÷íûõ èíñòðóìåíòîâ è ñðåäñòâ âèðòóàëèçàöèè. Îáëà÷íûå âû-
÷èñëåíèÿ ñïîñîáíû çíà÷èòåëüíî ïîâûñèòü ýêîíîìè÷åñêóþ ýôôåêòèâíîñòü ïðåäïðèÿòèé, ïîç-
âîëÿÿ ñíèçèòü îïåðàöèîííûå ðàñõîäû è êàïèòàëüíûå âëîæåíèÿ, íî ïðè ýòîì ïîâûñèòü ïðî-
èçâîäèòåëüíîñòü. Äëÿ ñâîåâðåìåííîé è ýêîíîìè÷åñêè îïðàâäàííîé ðåàêöèè íà êðèòè÷åñêèå
ñèòóàöèè, àãðåãèðîâàíèå è êà÷åñòâåííûé àíàëèç âàæíûõ äàííûõ â ðåàëüíîì âðåìåíè, òðåáó-
åòñÿ ìîáèëèçàöèÿ ðåñóðñîâ ñåíñîðíûõ ñåòåé, îáåñïå÷åíèå èõ íàäåæíîãî ôóíêöèîíèðîâàíèÿ.
Âíåäðåíèå íîâûõ îáëà÷íûõ òåõíîëîãèé ïîçâîëÿåò îáåñïå÷èòü òðåáóåìîå êà÷åñòâî îáñëóæèâà-
íèÿ â ñåíñîðíûõ ñåòÿõ, à òàêæå îïòèìèçèðîâàòü ñòîèìîñòü èõ ôóíêöèîíèðîâàíèÿ. Êðîìå òîãî,
ýêñïëóàòàöèîííûå èçäåðæêè ïðîâàéäåðîâ îáëà÷íûõ óñëóã è èõ âëîæåíèÿ â èíôðàñòðóêòóðó
íåçíà÷èòåëüíî êîððåëèðóþò ñ êîëè÷åñòâîì îáñëóæèâàåìûõ ïîëüçîâàòåëåé. Ïî ýòîé ïðè÷èíå
ïðîâàéäåðû ïîñòîÿííî ïðèëàãàþò óñèëèÿ äëÿ ìàêñèìàëüíîãî èñïîëüçîâàíèÿ èìåþùèõñÿ ìîù-
íîñòåé, âðåìÿ îò âðåìåíè ïðåäëàãàÿ ïðèâëåêàòåëüíûå öåíû. Äëÿ óâåëè÷åíèÿ çàãðóçêè èíôðà-
ñòðóêòóðû ïîñòàâùèêè îáëà÷íûõ óñëóã ïîëüçóþòñÿ óñëóãàìè îáëà÷íûõ áðîêåðîâ. Â äàííîé
ñòàòüå ìû ïðåäëàãàåì ìîäåëü äèíàìè÷åñêîãî öåíîîáðàçîâàíèÿ äëÿ îáëà÷íûõ áðîêåðîâ â ñõå-
ìå

”
ñåíñîðíàÿ ñåòü â êà÷åñòâå ñåðâèñà“ (SNaaS, Sensor Network as a Service). Ïðåäëàãàåìûé

ïîäõîä ïîçâîëÿåò îáåñïå÷èòü ýêîíîìè÷åñêè ýôôåêòèâíîå àãðåãèðîâàíèå äàííûõ, ñîáèðàåìûõ
ñåíñîðíûìè ñåòÿìè, è èõ îáðàáîòêó â ðåàëüíîì âðåìåíè.

Êëþ÷åâûå ñëîâà: îáëà÷íûå âû÷èñëåíèÿ, äèíàìè÷åñêîå öåíîîáðàçîâàíèå, äèàïàçîí öåíî-
îáðàçîâàíèÿ, àíàëèç öåíîîáðàçîâàíèÿ, ìîäåëü öåíîîáðàçîâàíèÿ äëÿ îáëà÷íîãî áðîêåðà.
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Wireless sensor networks with cloud computing are drivers to a new stream of technologies like
the Internet of Things and innovations in the communications. Cloud computing triumphs with
multifaceted bene�ts to enterprises with cost saving economics, reduced operational, and support
costs but higher productivity. The signi�cant functionality of data collected and processed at wireless
sensor nodes is rendered fast, uninterrupted and reliably with cloud computing and its optimized
implementations. Therefore, sensor network �rms are partnering with cloud service providers, which
lease computing infrastructure as required. This paper suggests a model for optimizing the computing
potential of the wireless sensor network in conjunction with the pricing model of the cloud. Integration
of concepts of cloud and sensor networks takes the advantage of the scalable and dynamic aspect of
cloud being exploited for sensory data. The results show that the proposed method adapts well with
performance expectations of sensor networks and reduces the cost speci�c overheads for its largely
processing based functioning. In order to facilitate the selection of appropriate cloud service provider,
with a provision of dynamic pricing and assurance to optimize the �nal cost, Cloud Broker Pricing
Model (CBPM) is proposed.

CBPM mainly o�ers a pricing band to a consumer, which assures that the charged price at any
moment, will not beyond the limits of the band. This way, it o�ers the bene�t of dynamic pricing with as
well as the con�rmation related to the highest price that can be charged. Moreover, the proposed system
gives the freedom to utilize the services newly introduced by some another provider. Further, dynamic
pricing on the basis of QoS is transparent for both sensor network cloud provider and consumer,
however, if this pricing is decided manually or through pre-de�ned rules then the pricing scheme will
be very complicated. Such pricing needs proper and regular analysis over complete monitored data and
weighing of some features to seek importance of one feature over another. Therefore, as future work an
advanced algorithm can be developed having the capability to continuously analyze a large amount of
data through big data analytics and hence making optimized pricing decisions.

There are few situations in which CBPMmay not be useful as expected for wireless sensor networks.
In the case of a very frequent change in demand for a computing resource, the system will indulge
into the consistent migration of VMs, yielding no work but still paying the cost of migration. As a
consequence, the system performance will also downgrade, where the system is greedy and decides to
migrate to optimize the total cost. Further, there are issues in migration that needs to be handled.
Therefore, as further research in cloud broker pricing model, authors recommend modeling a robust
pricing model, capable enough to manage the frequent �uctuations in demand. Further, the behavior of
inseparability of computing resources may lead to utility functions producing sub-optimal assignment.
Measures should be taken in future work to address this issue as well.

Key words: Cloud computing, dynamic pricing, pricing band, pricing analysis, Cloud Broker
Pricing Model.
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Introduction. Wireless systems designers are required to provide low-cost, high-
performance, easily deploy-able wireless sensors networks which deliver e�ective means for
various operations and are e�ectively managed and monitored. In wireless sensor networks not
only are wireless sensors a key part of the solution but getting the sensor's data processed
e�ciently and timely is crucial as well. To enable e�ective processing several works have been
proposed [1]. In this paper, the endeavour is to take the concepts proposed a step further by the
adoption of cloud computing. Research has recently focused on the development of Cloud-based
sensing infrastructures, that integrate large scale sensor networks with sensing applications and
Cloud computing infrastructures. The integration of sensors with the Cloud enables users to
easily collect, access, process, visualize, archive, share, and search large amounts of sensor data
from di�erent applications and support the complete sensor data life cycle from data collection
to the back-end decision support system.

Cloud computing is a resource delivery and usage model that facilitates on-demand access
to a shared pool of computing resources (e. g., services, application, platform, computing
infrastructure, etc.) that are considered to scale in�nitely. These computing resources are
provided as service or utility and are treated as the commodity that can be traded using
pricing model [2]. Further, one among three aspects that prove to be the identity for cloud
computing is its metering capability [3]. This capability facilitates measuring the service so
that computing resources can be monitored and billed as per usage.

Various factors drive the success of cloud computing such as pay-as-you-go, on-demand
virtual resources, elasticity, multi-tenancy pooled resources, and economy of scale. As computing
needs are delivered from a distributed infrastructure that can be shared by multiple tenants,
economies of scale have considerably reduced the cost as compared to that of owned
infrastructure. In support of this, based on a case study which considered a 13-year life cycle,
the total cost of establishing and maintaining the cloud environment was only 33 % of that
incurred for traditional, non-virtualized infrastructure [4]. Further, this gives freedom to the
small enterprises for starting a venture with least capital. Also, for yet another dimension of
cloud computing i.e. cloud service broker, where several factors a�ect the selection of a provider
for a resource request, the price is a prime element in the decision [5].

Recently, yet another dimension of cloud computing is emerging, called a Cloud Service
Broker (CSB), that intermediates the discovery, negotiation, arbitrage, and composition of
cloud services between cloud service consumer and cloud service provider [6]. This way,
CSB provides service automation to cloud service consumers for requesting, provisioning, and
managing a broad range of assisted, pre-con�gured cloud services across di�erent cloud service
providers. The reason that encourages the use of CSB for availing cloud services is that it
alleviate the complexity of managing multiple services from multiple vendors, by giving common
platform by masking all cloud provider. Also, it allows legitimate comparison of services and
prices, across clouds and helps in e�ective negotiation. Further, CSB supports hybrid cloud
strategy and helps in determining the best framework for an organization's need. It also provides
commonplace to o�er low to high-end capabilities by Service Level Agreement (SLA), security
or price. In the case of CSB, where several factors a�ect the selection of a provider for a resource
request, the price is a principal element in the decision [5].

By all this, it is clear that pricing is very crucial in the concept of sensor networks as well as
cloud computing. The importance towards pricing is because, the notion of accessing computing
needs as and when required, without owning them only by paying for used resources, is the
foundation of cloud computing [3]. For sensor networks as there is moderate demand of resources
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Table 1

Spot Instances Vs On-Demand Instances Pricing

Region: US East (N. Virginia), OS: Linux/UNIX
Bid Price: 50 % On-Demand, VCPU (min): 1

Instance Type vCPU
Memory

GiB
Savings

t1.micro 1 0.613 84 %
m3.medium 1 3.750 84 %
m3.xlarge 4 15.000 84 %
m3.2xlarge 8 30.000 81 %
m1.small 1 1.700 63 %
m1.xlarge 4 15.000 67 %
m2.xlarge 2 17.100 91 %
m2.4xlarge 8 68.400 89 %

all the time, pricing is very crucial. In addition to this, attractive o�erings extended by Cloud
Service Providers (CSPs) such as Amazon spot instances may result in up to 90 % reduction in
virtual machine instance price. Table 1, lists the statistics of Amazon spot bid advisor, that gives
an idea about the savings of spot instances over on-demand instances. Based on the suggestions
of spot bid advisor the savings range from 63 % to 91 % for di�erent virtual machine instances.
The attempt of cloud computing industry should lie around this notion whether the resources
required are for few hours or for a long time. Therefore, to achieve maximum utilization of the
computing resources an e�cient pricing model should be there.

For an enterprise, pricing models holds the de�nition of price and cost structure in order to
capture maximum customer base, optimize yield from investment, and manage infrastructure
deployment more e�ciently. In general, pro�t and net sales act as stimulus that regulates
contending providers to an equilibrium price. Price of the service remain static in static pricing
model while price respond to supply and demand in real time in dynamic pricing. According
to a recent survey conducted by a well-known economic news magazine, 80 % enterprises are
observing a change in how their consumers want to access and pay for services and as a result
50 % of these enterprises are changing their pricing models [7]. This survey clearly signi�es
the need for an evolving pricing model that can su�ce the contemporary requirement of the
consumers. In this quest, e�orts are made to introduce a pricing model for cloud broker, which
is dynamic in nature.

Although, there exists, several pricing models [8] in literature viz pay-as-you-go,
subscription-based, usage-based dynamic, auction-based pricing, real-time pricing, etc.
However, the features that make cloud computing di�erent from another implementation is
its volatility where day by day new features are added to existing technology and at the same
time new start-ups of the cloud provider is a regular phenomenon. Many dynamic pricing models
are there; that tend to take the advantage of this volatility. However, they lack the sense of
security for price hike beyond a limit, which is crucial in case of outsourcing. In addition to
this, the assurance of optimized cost is also necessary. In cloud computing, where computing
resources are outsourced and are charged as per the pricing model a small margin in unit price
will create a considerable di�erence in the overall billed amount.
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While many solutions exist to make the wireless sensor network cost e�ective, there remains
possibility to optimize it further. We propose a di�erent approach to de�ne a dynamic pricing
model for brokers of cloud-based sensing infrastructure. The idea here is to introduce a pricing
scheme in which instead of �xed pricing, the broker will provide a price range to the consumer.
This price range will have a minimum price and maximum price, which denotes the lower
bound and upper bound of the amount that can be charged to the consumer respectively. So,
the charged price will always be within this range. The proposed algorithm for pricing variation
makes a consistent e�ort so that the average price should remain lower than �xed price for the
same set of resources.

The contributions of this work are:

� A new dimension of dynamic pricing is proposed that estimates a pricing band to be
o�ered to the consumer. Using this price band, cloud broker will optimize the cost corresponding
to desired performance. Also, the consumer will be able to take the advantage of diverse and
competitive cloud market while keeping the overhead of interoperability and migration away to
cloud broker.

� Estimated pricing band assures the consumer about the upper limit that will be charged,
and hence promotes the concept of dynamic pricing.

� Consideration of pricing history, the demand for resources, the supply of resources
and Quality of Service (QoS) for the calculation of variable part of pricing, makes the band
estimation more precise.

� Adoption of advanced reservation allows cloud service broker to optimize the cost further
for the consumer.

This paper is organized as follows. The next section describes the motivation behind
proposing the pricing model. In Section 1, the pricing model for cloud brokering architecture
is presented. Further, Section 2, put forward an evaluation of proposed pricing model. Next,
Section 3 provides the details about related work. Finally, Section 4 provides analysis giving
the pros and cons of the proposed pricing model. Here, we also present directions for future
research. Section 5 concludes the paper.

1. Cloud Broker Pricing Model.

Cloud computing is said to be a paradigm shift in Information Technology i.e. a change that
assures about greater e�ciency and scalability at a more economical price. Hence, adoption of
cloud computing may prove to be bene�cial for a �rm in various aspects. This bene�t means
no further issues about heavy infrastructure con�guration, complex server deployments and
troubleshooting applications hosted on local infrastructure. However, even by putting moderate
attention, it can be revealed that the things are not that easy as it seems in cloud computing, and
so, still there are lots of challenges in deploying cloud solutions. Also, the cloud service provider
may face the problem of �uctuating demand, because of which at times the resources may be
idle or sometimes insu�cient to ful�ll the demand. Further, new cloud service providers struggle
to get the consumers as consumers will mostly prefer established service providers. On the other
end, from the perspective of cloud consumer, most of the companies those which are shifting
their infrastructure to cloud computing are novice about the �eld and have trouble in opting
the best provider for their needs. Complicated pricing, complex combinations of infrastructure
con�guration, variation in �nal billing due to bandwidth usage and other charges, leaves the
cloud service consumer with several questions. These questions may be about the best pricing
model, suitable con�guration, getting expected performance and for many more reasons.
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Fig. 1. Pricing Model for SNaaS

In such situations, a cloud broker o�ering dynamic pricing can prove to be a viable solution.
However, the risk of �uctuation in dynamic pricing cannot be ignored. This means if a consumer
relies on dynamic pricing to take the bene�ts of market �uctuation and suddenly the price get
hiked due to massive demand then the consumer will have to bear a considerable loss. Some
capping is therefore required at both ends i.e. lower bound and upper bound as well. This
delimitation will ensure provider about a minimum amount that will be received and at the
same time will assure a consumer about the limit beyond which the hired resource will not
be charged. Accordingly, we have proposed Cloud Broker Pricing Model (CBPM), a pricing
model for cloud broker (Fig. 1). CBPM aims at introducing a pricing band to cloud consumer
in order to assure the consumer about the minimum and maximum rates that will be charged
corresponding to requested resources. Once cloud consumer agrees to the contract, cloud broker
will manage the allocation of computing resources to appropriate cloud provider based on the
requirements and constraints placed by cloud consumer. The allocation to the provider will be
transparent to the consumer; however, the control will not be there with the consumer to select
a particular cloud provider.

Providers are also there as a component of CBPM, so as to publicize their computing
resources. A unique id is assigned to the computing resources listed by a provider. Here, the price
of resources need to be maintained by the cloud provider, and hence, the provider may increase
or reduce the price based on the demand and availability of resources. After this, the resources
are ready to be assigned to the cloud consumers if they su�ce consumer's resource requirements.
CBPM then executes an algorithm to assign the listed resources to the cloud consumers, which



Ä. Ðýéí, Â. Øàõîâ, À. Øðèâàñòàâà 7

as an output gives an allocation matrix having the resources and corresponding cloud consumer.
Cloud broker then shares the unique id of the resource with the consumer, using which consumer
gets the access to the resource. The CBPM system is compatible with the prominent cloud
providers such as Amazon EC2, Google Compute Engine and Microsoft Azure and hence the
proposed model can easily be deployed with VMs of these service providers.

Apart from the algorithm that will decide on the allocation of a provider's resource to a
consumer, CBPM also provides a user interface (UI) that can be used by the cloud provider and
cloud consumer as well. Authentication mechanisms are incorporated to verify the identity of
providers and consumers. Cloud providers can enlist their resources with a proper description
along with the price. On the other hand, cloud consumers can use the CBPM interface to specify
required resources, non-functional requirements, duration and basic Service Level Agreement
(SLA) requirements. CBPM logs the allocation details and performance parameters, which will
help the providers and consumers to track the allocation history, accounting details, current
allocations, request status, SLA compliance and usage statistics. Hence, in CBPM we have tried
to �nd an assignment that ful�lls the requirement of the consumer as well as provider in a best
possible manner as per the situation.

1.1. Basic Model. The goal of CBPM is to facilitate allocation of services o�ered by the
cloud provider to a cloud consumer in a manner, so as to optimize the total cost borne by cloud
consumer. For this, a pricing band is o�ered to cloud consumer having lower and upper limits
within which the resource will be charged. Therefore, to get a �nal optimized price, reallocation
should be done as and when required.

This work introduces a pricing model (Fig. 1) composed of modules such as demand-
supply monitoring, consumer pro�le, quality class, historical pricing, pricing band calculator
and subscription module.

As speci�ed, the idea of the pricing model is to propose a pricing band to the cloud consumer
corresponding to resources requested. Later, the pricing model will make a consistent e�ort to
optimize the price charged by grabbing the opportunity raised by other providers and then
migrating to these provider resources. Therefore, assuming Pvl and Pvh be the lower limit and
upper limit of the variable pricing band o�ered to consumer c for the resource set R (Fig. ).
Further, assuming Pij be the price charged from a consumer i by the provider j, where a
consumer i utilized the resources of m di�erent providers during the contract period (Fig. ).
Then the price charged by a consumer i can be given by (1)

Pa =
m∑
j=1

Pij (1)

On the other side, let Pf be the �xed price charged by the provider j, if consumer i preferred
�xed pricing instead of variable pricing. Provider j is the preferable provider at time t0 i.e. the
time when contract period started. So, under such circumstances the objective of CBPM will
be to make consistent e�ort to achieve the following relation (2):

Pa < Pf (2)

Therefore, the lower limit and the upper limit de�ned by CBPM can be assumed as follows:

Pvl = Pf − c1
Pvh = Pf + c2

(3)
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Fig. 2. Dynamic Pricing

Here, c1, c2 denotes the marginal cost needed to maintain the limits. In few situations, c1 can
have same value as c2.

Therefore, the following function will give the outline about the estimation of the limits Pvl

and Pvh:

P ← f(N, T,Q,C,R,H) (4)

Here, P is the tuple (Pvl, Pvh), N number of resources requested, T time of subscription, Q
expected quality levels, C user category, R general pricing for required resources and H is the
pricing history. The variable N represents the number of resources required by the consumer.
The time T helps in reserving resources and is also articulated as vector comprising: tc as
current time, ts as start time and td as duration. The quality desired Q de�nes the expected
QoS levels. Users are also divided into di�erent categories based on the required resources, time
of contract, loyalty etc., and is expressed by C. The variable R, denotes the �xed pricing for
the required resources. Finally, H portrays an array having the price history of the resources.

Input: Finite sets Tr, N, T,Q,C,R and H of integers
Output: Price band o�ering from broker to consumer, A tuple P(Pvl, Pvh)
for all Pr, r ∈ R do

resourcePool ← resourcePool+Pr ;
end

for all PAk, k ∈ [1,l] do
receive cloud consumer's requirements;
Pk ← calcPricingBand(Tr, N, T, Q, C, R, H)
Pkvl ← min(Pk)
Pkvh ← max(Pk)

end

PricingBand determines the limits within which price will vary
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Fig. 3. Pricing Limits

1.2. Pricing Band Estimation. Cloud resources are demanded over time by di�erent cloud
consumers through cloud resource broker. Cloud resource broker o�ers a price band to the
consumer for the resources requested. Pricing band ensures that the charged price will be
within the limits and not beyond. On acceptance, cloud broker makes continuous e�orts to
bring the average price below the �xed price. This is done by grabbing new o�erings from
providers and migrating the VMs to them.

Let, T be the time for which the consumer have requested the resource k and is given by:

T ← {ts, ts+1, ......, ts+d} (5)

While o�ering pricing band, the cloud resource broker emphasizes on dynamic pricing. The
dynamism in price o�ered by cloud service provider will be taken as an advantage to reduce the
pricing charged over required duration. According to [9] the relation between price and demand
with respect to time using following stochastic demand function:

D (t, p, ξ) (6)

In equation [6], ξ is the margin of error. Further, with demand function D it is assumed
that this function returns the demand determined by price. This demand is used as the factor
to multiply with the price and then to determine the �nal price.

In case of static pricing, as the price is �xed for the complete duration of the contract, the
price should be optimized only once. Corresponding to time t, user category u and quality class
q, following optimization problem can be solved to optimize the price for static pricing model:

maximize
T∑
t=1

U∑
u=1

Q∑
q=1

(D (t, p, ξ)) (7)

While for dynamic pricing, the price may change even after allocation of the resources.
Therefore, apart from the time, there can be several other factors that will a�ect the price,
and hence the demand function needs to be modi�ed. Hence, utilizing the variables of function
f described in 4 the demand function can be written as:
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Table 2

Values of Demand Factor

Time

(Days)

(1)

Demand Factor (D)

Historical Data

(Last 60 days)

(2)

Historical Data

(Last 30 days)

(3)

Start 1.00 1.00
10 1.47 0.82
20 0.22 1.27
30 1.28 0.76
40 0.75 0.70
50 0.67 1.11
60 0.90 0.62

D (n, t, q, c, r, h) (8)

As the demand function is considered to be the factor for obtaining �nal price, the variation
in price at di�erent time intervals can be predicted by utilizing equation [8]. Hence, the limits
Pvl and Pvh can be given as follows:

Pvl = min
∀t∈T

p ∗Dt

Pvh = max
∀t∈T

p ∗Dt

(9)

Now, cloud resource broker will o�er these limits to the consumer and for the whole contract
period, the price charged to the consumer will range in between the limits. The broker will gain
pro�t in case some provider o�ers resources below Pvl. On the other side, the consumer will
be bene�ted if the dynamic pricing goes beyond Pvh. Here, e�orts are made to anticipate the
boundary in which the dynamic pricing may �uctuate and not on maximizing the revenue of
cloud resource broker.

2. Evaluation. In this section, the experimental setup for the proposed pricing model is
described. The experimentation is primarily aimed at evaluating the practicality of the pricing
model CBPM. A prototype is developed to support the evaluation process. Primarily, the
prototype consists of two important modules: Price band calculator module and VM manager
module. Price band calculator module is responsible for calculating the price band corresponding
to the consumer's requirements while VM manager module corresponds to deployment agent.
For the simulation of price band calculator module, the time duration for demand analysis is
considered to be ten days. Demand factor is calculated using demand function and by utilizing
this demand factor the values of Pvl and Pvh are observed [Table 3]. Di�erent requirements will
lead to di�erent values of demand factor at di�erent time instances. For example, only after
changing the duration of historical data, the change in demand factor can be seen as described
in column 3) of Table 2. The range for the factor of demand analysis is taken from 0.2 to 3.0.
The assumption made here is that the demand can be as low as 20 percent of the demand at
time ts i.e. the start time, and it can go up to 300 percent on the other side.

Further, for actual values of price change corresponding to the period for which the values of
Pvl and Pvh are calculated, Amazon EC2 spot pricing is utilized [Fig. 4]. The pricing considered
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Table 3

Limits assigned for di�erent demand factor

Demand Factor

(Last 60 days)

Demand Factor

(Last 30 days)

Pvl Pvh Pvl Pvh

0.0026 0.0200 0.0090 0.0160

Fig. 4. Amazon EC2 Spot Pricing

is for 60 days on Linux/UNIX machine with t1.micro con�guration situated in us-east-1c region.
For the whole tenure under consideration, the price ranged from $0.003/hr to $0.005/hr.

However, the same instance of Amazon EC2, if considered for �xed price would have cost
$0.013/hr. A comparison of dynamic pricing when limits are o�ered and that of �xed pricing
is given in Fig. 5.

It can be observed that dynamic pricing model CBPM performs extraordinarily well in the
scenario considered. Particularly, it proves to be a win-win situation for both providers as well as
the consumer. For example, considering the case of demand factor when last 30 days historical
data was considered the lower limit came out to be $0.009. This means that at least $0.009 will
be charged irrespective of the price charged by the provider. As the spot price charged for the
observed duration range from $0.003 to $0.005, so broker is getting a considerable margin per
hour. On the other side, it is assured that the maximum price charged in any circumstances is
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$0.016 per hour. This safeguards a consumer against sudden surge such as [10], where Amazon
EC2 spot request volatility hits $1000/hr.

With this elementary evaluation, it can be observed that the idea of proposing a pricing band
instead of relying merely on dynamic pricing is favorable for all the stakeholders participating
in the cloud market.

3. Related Work. As cloud computing is a promising technology [2] and is still said to be in
evolving state [11], so new ventures concerning providers are regularly emerging. Also, because
of its competitive environment, existing companies keep on announcing attractive o�erings time-
to-time. However, sticking to �xed pricing scheme in such evolving and competitive market,
will limit the consumer from availing the bene�ts of these conditions. Hence, use of dynamic
pricing will help to conform to the continually changing market. It facilitates maximum revenue
generation by properly adjusting price with respect to demand and appropriate utilization of
resources. Currently, most of the cloud service providers have adapted �xed pricing scheme
[12] except Amazon spot pricing [13]. Providers with �xed pricing scheme promote allocation
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strategies such as on-demand and reserved instances (see if there are more strategies), while
Amazon provides spot instances as well, along with the other two. However, spot instance
resources can anytime be interrupted and claimed back by Amazon, resulting in loss of work if
the application running is not able to handle the interrupt.

Cloud pricing schemes are mainly classi�ed as �xed pricing scheme, dynamic pricing scheme,
and hybrid pricing. Among these, �xed pricing scheme is one adapted by default and is always
compared with all other approaches. Therefore, related work on cloud pricing schemes is
classi�ed into (i) Dynamic pricing (ii) Hybrid pricing. Again, as cloud computing concept is still
evolving, the description is prepared with pricing schemes pertaining to Grid and Web Services.
This description is followed by consideration of existing work on cloud pricing schemes.

3.1. Dynamic Pricing. Various economic models corresponding to grid computing were
compared by Buyya et. al. [14]. This comparison was done between �at fee, usage duration,
subscription and demand pricing. In yet another work by the authors [15], they have developed
a system for scheduling resources with varying QoS using a resource broker. In this, QoS acts
as the decision maker for scheduling the resources. [16] proposed an algorithm for pricing Grid
resources using the idea of the commodity market. The proposed approach has improvised
Smale's method to identify price equilibrium in grid market. Another study has been carried
out by [17], where they have introduced a pricing information service architecture for the grid
in which a general pricing scheme denoted as quadruple is used. Dynamic pricing is estimated
using this quadruple comprising quantity of resource requested, time, quality class and user
pro�le. Further, the pricing scheme is expressed as XML to link it easily with service level
agreements. [18] have presented autonomic variable pricing scheme for utility computing with
advanced reservation because of which users can be assured about the required resources in
advance while being aware of the exact expenses. As the pricing scheme is autonomic, so it
self-adjusts pricing parameters based on demand and supply. Another related work for variable
pricing that makes use of �nancial option theory and Moore's law is proposed by [12]. The
primary emphasis for the calculation of variable price is in the age of resource, quality of service
and the contract period. [19] had explored variable pricing in cloud computing with a view of
the continuous double auction and introduce an ongoing reverse auction. A recent work [20],
proposed a dynamic pricing mechanism that provides a complete overview of cloud o�erings.
The proposed dynamic pricing mechanism is a multi-agent multi-auction based system which
helps cloud service consumer to select appropriate provider.

Another aspect of dynamic pricing scheme is pricing decision for multiple resource types
which is computationally an NP-complete problem. [21] proposed a pricing scheme that makes
use of VCG mechanism for allocating multiple resources in the dynamic environment. This
scheme proves to be viable as compared to traditional as well as combinatorial auctions.

Some other works having concern towards dynamic cloud pricing schemes are [22]. Also, [8]
provides a comprehensive survey of the various pricing schemes proposed for cloud computing.
A review of various research on cloud computing pricing and markets is demonstrated by [23].
Here, after reviewing numerous research papers from di�erent renowned journals, the authors
have established a framework that gives an idea about how cloud economics research should
proceed.

Further, few other work that deals speci�cally with cloud pricing but not in dynamic cloud
pricing that can be referred are [24�25, 32].

3.2. Hybrid Pricing. The hybrid pricing model makes an attempt to provide a diversi�ed
model that incorporate advantages of both �xed price model and pay-per-use model. This way,
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the hybrid pricing model utilizes �xed pricing in normal conditions and maximizes bene�ts by
executing tasks through pay-per-use as and when some good o�ering arrives. Hybrid pricing
model proves best for massive and lengthy projects with unsettled objectives in the beginning.
Apart from several bene�ts for the consumer, it also gives the cloud service provider a more
controlled infrastructure with shared liability in �nancial terms.

For information services, the hybrid pricing model is presented as two-part tari� pricing in
[26], that examines the optimality of the pricing scheme that should be adopted by a provider in
di�erent conditions. The considerations done for making the decision about a particular pricing
is on the basis of consumer behavior, as whether the consumers are homogeneous consumers or
heterogeneous consumers. Further, the sensitivity of optimal pricing scheme is analyzed with
respect to marginal costs and monitoring costs. Overall, e�orts are made to help provider to
choose best pricing model on the basis of consumer type (homogeneous or heterogeneous) and
the trend between marginal and monitoring cost.

[27] looked hybrid pricing scheme with another aspect where the authors examined the
e�ectiveness of hybrid pricing model for a cloud service provider where �xed pricing scheme is
mixed with spot-instance pricing. The di�erence introduced here is its look-out towards cloud
service as damaged perspective, where spot-instances can be claimed any time through an
interrupt. The decision support model proposed in this work helps a cloud provider to decide
whether the hybrid pricing scheme is suitable or not. Yet another study done in [28] proves
that hybrid pricing model is more e�cient than subscription pricing and pay-per-use pricing as
well.

Other related systems that help cloud service consumer to obtain a comparison of cloud
providers on the basis of various factors including pricing model adapted are [29�30].

To the best of our knowledge, the proposed approach does not match with any of the existing
work. However, we have utilized the basic concept of dynamic pricing.

4. Discussion and Analysis. One of the main characteristics that drive the competition
of CSPs is pricing. Many enterprises including cloud computing are involved in price battle by
reducing prices on a regular basis. This reduction in price is not only because of a price cut in
the cost of basic infrastructure, but it's also an endeavor for stake acquisition, and to convey the
aggression to other CSPs. However, to de�ne an appropriate price based on the present market
situation, a suitable mechanism for price selection is required, and can be made precisely using
a pricing model. The pricing models are means to maintain the balance between the customer's
QoS requirements, price, and the service provider's cost and operational productivity.

Cloud computing started with the pay-per-use pricing model, where the user is charged solely
on the basis of actual usage such as $x for an instance/hour. Pay-per-use model is realized in
cloud computing by pooled, shared, scalable infrastructure, and multi-tenant services. The main
reason for the popularity of this model is because it provides cost-bene�t along with agility.
After this, many CSPs have shifted to other alternative pricing models such as subscription-
based pricing, sustained-use pricing, and spot pricing. All these pricing models can be broadly
classi�ed into two categories i.e. static pricing models and dynamic pricing models. One of the
examples of dynamic pricing is Amazon EC2 spot instances. Using these instances consumer
can bid on idle EC2 instances. Spot instances can be utilized to lower the operational costs
for batch-processing tasks and tasks that do not need persistent resource availability. Hence,
consumers, as well as providers bene�t from this hybrid strategy of using the spot instances
when found idle and allotted instances otherwise. Consumers can optimize the price by running
their tasks during non-rush hours, and providers can increase their revenue by reducing the
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price and facilitate improved utilization of resources. However, one serious problem with spot
instances is that Amazon EC2 reclaims the resource in between in case the spot price surges
above bid price to allocate it to another consumer.

EC2 spot instances deliver the features of an auction through bidding opportunities.
However, as EC2 spot instances can be claimed back at any moment, the dynamism o�ered in
pricing is not similar to dynamic pricing o�ered by the other enterprises such as airlines and
stock markets, etc. To the best of our knowledge, apart from Amazon spot instances, till now
the concept of dynamic pricing in cloud computing is only in literature and is not o�ered by any
provider. These providers are o�ering one or the other variant of �xed pricing i.e. subscription-
based, pay-as-you-go pricing, etc. Further, the implementation of dynamic pricing of other
enterprises, if mapped to cloud computing will not completely solve the purpose. Reason being,
in other enterprises such as �ight booking, the stock market, and hotel booking the purchase is
to be made once and is not recurring. However, in the case of cloud computing after �nalizing
the provider, the charges will be recurring and will be based on the usage. Therefore, in such
case, looking from the perspective of cloud broker who have to maintain a win-win situation for
cloud consumer and also for a cloud provider, extreme change in rates will bring loss either to
the provider or the consumer. For example, in case the prices slash too much then the provider
may not even be able to retrieve the operational cost. On the other side, the consumer may
have to pay a very high price in case of the steep price hike. For example, Amazon EC2 spot
request volatility hits $100/hr on contrary to $0.05/hr which is the lowest price observed for
the same instance [10]. Hence, to protect cloud service providers and cloud service consumers
from such unexpected loss, the concept to delimit price from both the ends is proposed in this
work. The price band o�ered will ensure balanced revenue to the provider and moderate charges
billed to the consumer. Further, in order to compensate the loss of broker, concepts of advanced
reservations can be utilized by securing their required resources in advance. To have further
insight on advanced reservations the work done by Chaisiri et al. [31] and Yeo et al. [18] can
be referred.

Further, with a view of which pricing model is bene�cial for which consumer; many
consumers choose a �xed pricing model even though this may not be the least costly tari�
for them. Few consumers choose a pay-per-use tari�. Consumers biased with a �xed pricing
model are not more likely to switch. Further, consumers may derive additional bene�ts through a
�xed pricing, which they would not derive from any other tari�. These bene�ts make consumers
satis�ed with their pricing model choice, and consequently, they stick to �xed pricing model.
In contrast, we �nd that low usage results in a switch to the pay-per-use model. Also, there
is no indication of speci�c bene�ts of pay-per-use model, other than that the consumer has
to pay only for what is used. Consumers inclined towards pay-per-use pricing model are more
likely to switch tari�s. Therefore, we conclude that they are not satis�ed with their choice: If
they realize their fault in tari� choice, they are ready to switch to another tari�. Overall, Fig. 8
shows the speci�c areas favorable for cloud providers while o�ering �xed pricing, in a plot of
demand vs. price. Areas which are marked as provider's loss will prove to be favorable for cloud
consumer. Fig. 7 presents a particular case to compare the �xed pricing model and dynamic
pricing model. Considering the area under the curve to be divided into three parts, part A
depicts the area where demand is high; however the variable price is also higher than the �xed
price. While area B characterizes the case where demand is high but the variable price is lower
than �xed price. Finally, area C represents the portion where demand is low, and the variable
price is also lower than �xed price.
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Table 4

Comparison of pricing models
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Remark

Pay-per-use model Fixed No No No No Yes General pricing approach

Subscription based Fixed No Yes No No Yes General pricing approach

Spot pricing Dynamic No No No No Yes

Pricing model by Amazon where
resource price are driven by demand.
Resource terminates once the spot price
goes above bid price.

[16]
Dynamic
(Commodity based)

No No No No No

Proposed dynamic pricing approach
based on commodity approach where
price is determined by demand and
supply.

[26]
Hybrid
(Flat fee/Usage
based)

No Yes No No No
Comparison of �xed pricing, usage
based pricing and two part pricing is
performed.

[22] Dynamic Yes Yes Yes No No
A comparative study of �xed and
dynamic pricing in federated cloud
environment.

[32] Dynamic No Yes Yes No No

A cloud banking model is proposed
which contains pricing algorithm in
order to maximize the pro�t of
consumer.

[19]
Dynamic
(Genetic Model)

No No No No No
Proposed a genetic algorithmic
approach to o�er competitive price
based on demand.

[33] Dynamic No Yes No No No
Financial option theory is adapted for
pricing cloud resources.

[19]
Dynamic
(Reverse auction)

No No No No No

Introduced the concept of open market
for IaaS using Continuous Double
Auction and proposed Continuous
Reverse Auction.

[33]
Hybrid
(Pay-per-use/
subscription based)

No Yes No No No
Theoretical analysis of economic model
for cloud computing - especially pay-
per-use and subscription pricing

[18] Dynamic No Yes No No No
Use of advance reservation to
implement autonomic metered pricing.

[27]
Hybrid
(Fixed/Dynamic)

Yes No Yes No No
Hybrid pricing strategy is proposed
which outperforms over spot pricing or
�xed pricing.

[34]
Dynamic
(Fuzzy logic)

Yes Yes No No No

Clabacus ÐJ A cloud compute
commodity model is proposed based
on fuzzy logic and genetic algorithm,
using �nancial option theory.

[20] Dynamic Yes Yes Yes No No
Proposed dynamic pricing model Cloud
Market Maker by utilizing multi-agent
system and auction based approach.

[35]
Dynamic
(Game theoretic
approach)

Yes Yes No No No

Online system for resource allocation
using Mechanism Design a game
theoretic approach. In this, users can
recommend their price and time for
which resources are requested.

CBPM Dynamic Yes Yes Yes Yes No

Dynamic pricing model for cloud
broker, driven by demand and o�ers a
price range to consumers in order to
assure the maximum price that will be
charged.
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Fig. 7. Fixed vs. Dynamic Pricing

Therefore, brokers should carefully consider decision about the pricing model. Heavy switch
between pricing models will lead to dissatisfaction of consumers. Hence, an attempt is made
in this work to propose a pricing band that abstracts the core pricing models and presents an
environment that exhibits a win-win situation for both cloud provider and cloud consumer.
Another concern to decide on the extent of emphasis that should be given to dynamic pricing
is to predict its future. The reason for this concern is that in the current scenario, the price
is not the only factor for a decision about resource selection. In general, nowadays consumers
are concerned more about the overall experience. This experience includes performance, post
subscription services, fair billing, and many other factors. So even when the services are same,
the overall satisfaction is di�erent from di�erent providers. Therefore, to deliver a comprehensive
solution, the pricing scheme should compulsorily incorporate these aspects as well. In this
context, as dynamic pricing scheme is the one that can exhibit both the service and the
consumers' satisfaction and hence proves its future stability.

A comparison of already proposed and operational pricing models is shown in Table 4 with
that of CBPM in terms of decision technique, option for dynamic assignment, rationality for
cloud provider as well as consumer, consideration for multiple providers, price band o�ering and
practical exposure of the approach. The comparison considers the pricing approaches proposed
in the �eld of cloud computing as well as �elds such as grid and utility computing [16, 18, 26].
Existing systems mainly fall under the �xed, dynamic and hybrid pricing approach category.
Also, in dynamic pricing, the main focus of most systems is on proposing appropriate price with
respect to a single provider [12, 25]. A few systems [20, 22] have considered the notion of multiple
providers. However, in order to seize the prospects created by the competitive environment of
multiple providers, a platform for comparison is required. Moreover, the concept of proposing a
price band while o�ering dynamic pricing is also untouched. Cloud Broker Pricing Model utilizes
the QoS, historical pricing, consumer rating and hence e�ective demand to o�er a pricing band
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Fig. 8. Provider's Pro�t and Loss While O�ering Fixed Price

to the consumer. Further, consistent e�orts are made by CBPM by capturing the appropriate
opportunity and migrating to another provider for optimizing the cost charged to consumer.

Conclusion. The signi�cant functionality of data collected and processed at wireless
sensor nodes is rendered fast, uninterrupted and reliably with cloud computing and its
optimized implementations. Therefore, sensor network �rms are partnering with cloud service
providers, which lease computing infrastructure as required. This paper suggests a model for
optimizing the computing potential of the wireless sensor network in conjunction with the
pricing model of the cloud. Integration of concepts of cloud and sensor networks takes the
advantage of the scalable and dynamic aspect of cloud being exploited for sensory data. The
results show that the proposed method adapts well with performance expectations of sensor
networks and reduces the cost speci�c overheads for its largely processing based functioning.
In order to facilitate the selection of appropriate cloud service provider, with a provision
of dynamic pricing and assurance to optimize the �nal cost, Cloud Broker Pricing Model
(CBPM) is proposed. CBPM mainly o�ers a pricing band to a consumer, which assures
that the charged price at any moment, will not beyond the limits of the band. This way, it
o�ers the bene�t of dynamic pricing with as well as the con�rmation related to the highest
price that can be charged. Moreover, the proposed system gives the freedom to utilize the
services newly introduced by some another provider. Further, dynamic pricing on the basis
of QoS is transparent for both sensor network cloud provider and consumer, however, if this
pricing is decided manually or through pre-de�ned rules then the pricing scheme will be very
complicated. Such pricing needs proper and regular analysis over complete monitored data
and weighing of some features to seek importance of one feature over another. Therefore, as
future work an advanced algorithm can be developed having the capability to continuously
analyze a large amount of data through big data analytics and hence making optimized pricing
decisions. There are few situations in which CBPM may not be useful as expected for wireless
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sensor networks. In the case of a very frequent change in demand for a computing resource, the
system will indulge into the consistent migration of VMs, yielding no work but still paying the
cost of migration. As a consequence, the system performance will also downgrade, where the
system is greedy and decides to migrate to optimize the total cost. Further, there are issues
in migration that needs to be handled. Therefore, as further research in cloud broker pricing
model, authors recommend modeling a robust pricing model, capable enough to manage the
frequent �uctuations in demand. Further, the behavior of inseparability of computing resources
may lead to utility functions producing sub-optimal assignment. Measures should be taken in
future work to address this issue as well.
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