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Abstract—Cloud computing paradigm alloows subscriptionbased access to computing and storages sservices over the
Internet. Since with advances of Cloud techn
nology, operations
such as discovery, scaling, and monitoring are accomplished
automatically, negotiation between Cloud sservice requesters
and providers can be a bottleneck if it iss carried out by
humans. Therefore, our objective is to offer a state-of-the-art
solution to automate the negotiation prrocess in Cloud
environments. In previous works in the SLA negotiation area,
requesters trust whatever QoS criteria valuees providers offer
in the process of negotiation.
However, the proposed
work is capable of
negotiation strategy for requesters in this w
assessing reliability of offers received from Cloud providers.
In addition, our proposed negotiation strrategy for Cloud
providers considers utilization of resources w
when it generates
new offers during negotiation and concedes m
more on the price
of less utilized resources. The experimental results show that
our strategy helps Cloud providers to increease their profits
when they are participating in parallel negotiation with
multiple requesters.

Service
Discovery

Decommissioning

Scaling

Decommissioning phase, last minu
ute operations are carried
out before the service is terminated
d. With advance of Cloud
technology, operations such as
a
discovery, scaling,
monitoring, and decommissioniing are accomplished
automatically. Therefore, negotiations between Cloud
services requesters and providers caan be a bottleneck if they
are carried out by humans. Con
nsequently, this work’s
objective is to offer a state-of-the-arrt solution to automate the
negotiation process in Cloud compu
uting environments.
Cloud SLA Negotiation is a process of joint decisionmaking between Cloud users and providers
p
to resolve their
conflicting objectives. Cloud services have cost, availability,
and other Quality of Services (Q
QoS) on one hand, and
generate profit on the other hand.. In Cloud environment,
both service requesters and prov
viders have cost-benefit
models for negotiation and decision-making. Therefore, SLA
negotiation automation requires thee mapping of knowledge
and objectives of policy makers to lower level decision
making techniques. The first step to
owards the automation is
finding, capturing, and modeling goals and objectives of
parties involved in negotiation and the
t second step is finding
a proper strategy to use those goals in the low-level
negotiation process.
In this work, the negotiation target
t
is a Cloud virtual
machine service and negotiated paraameters are listed below.

INTRODUCTION

Cloud computing has transferred the delivery of IT
services to a new level that brings the comffort of traditional
utilities such as water and electricity too its users. The
advantages of Cloud computing platform
ms, such as cost
effectiveness, scalability and ease of manageement, encourage
more and more companies and service proviiders to adopt the
Cloud computing platform and offer theeir solutions via
Cloud computing models. According to a recent survey of IT
decision makers of large companies, 68 off the respondents
expect that in three years, more than 50 of ttheir company IT
services will be migrated to Cloud platformss [13].
Service deployment in Cloud can be considered as a
process consisting phases as shown in Figuure 1. During the
Service Discovery phase, user requirementts are used as an
input for discovering the best suited Cloudd services among
various repositories of Cloud providerrs. In the SLA
Negotiation phase, discovered providerss and the user
negotiate on the quality of services. Next, an SLA contract
will be achieved if two parties reach an agreeement on a set of
QoS values. Then, the acquired service willl be continuously
monitored in the Monitoring phase. If the m
monitoring service
detects that predefined thresholds are reachhed, services are
scaled dynamically in the Scaling Phase. Finnally, in the
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Figure 1. Service deployment phasess in Cloud environments.
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Hard Disk (functional requ
uirement, and fix)
CPU (functional requirem
ment and fix)
RAM (functional requirem
ment and fix)

•
•

•

Cost (QoS requirement and negotiable)
Availability (QoS requirement and negotiable)
Deadline (non-functional requirement and fix)

negotiation framework for the readers, the forth Section
covers the detail of negotiation strategies for both Cloud
providers and users. In Section five the negotiation strategies
are tested to prove their effectives, and applicability. Next,
Section six aims at highlighting the uniqueness of the
proposed negotiation framework by comparing its
characteristics with related work. Finally, the work is
concluded with the suggestions on future works.

As described in Table I, users wish lowest price and
highest availability while Cloud providers would like to sell
their services in the highest possible price and at the lowest
QoS guarantee. Users have time constraints when they are
participating in the negotiation. The reason is if they do not
acquire the required resources by a particular time they are
not able to satisfy their end users expectations or reach their
business objectives. Furthermore, Cloud providers have to
consider utilization of resources when they are offering
prices during negotiation. It means that they are willing to
concede on the prices of resources which are less utilized.
When service requestors are conceding in such multi-issue
negotiation, the negotiation strategy has to prioritize the
criteria which are more important to the users. Moreover,
negotiation strategies for both parties have the objectives of
maximizing the chance of signing the contract during the
negotiation.

II.

A. Offers reliability
In negotiation models offered in frameworks such as [2,
3, 5], a method that can determine the reliability of offers
and counter offers is missing. Since in the parallel
negotiation a party makes decision based on the presented
QoS values in SLA offers, there has to be a way to know
how reliable the provider is in delivering those promised
QoS values. The recorded data from monitoring services can
be analyzed and converted to reliability information of
offers. Monitoring data determines to which extent an SLA
is achieved and facilitates a procedure taken by a user to
receive compensation when the SLA is violated. The
monitoring is based on the copy of signed SLAs which is
kept in a SLA repository. Third-party monitoring results can
be similar to what Cloud harmony [14] services report. To
make inference from the observed data we use the theory of
statistics (Beta Density Function) which will be explained in
Section IV.

TABLE I. NEGOTIATION OBJECTIVES
Objectives
Cost
Availability

Other

Negotiation Parties
Requestors

To be minimized
To be maximized
-Acquiring the resource by
deadline
-Conceding on less important
QoS
- Verifying offers reliability

CHALLENGES

Providers

To be maximized
To be minimized
-Maximizing number
of agreements
-Maximizing profit

B. Balancing resource utilization
When service providers are concurrently negotiating with
multiple users, the majority of previous works [5] assume
that using the same negotiation strategy for all incoming
requests maximizes providers’ profits. However, we argue
that in the Cloud context, providers are interested in a SLA
negotiation strategy that balances the available resources,
which helps them to host more virtual machines. To achieve
that providers have to concede more on the price of the
resources that are less utilized (or have more free capacity)
and less on the price of resources which are more utilized.
Consequently, providers offer more attractive prices in
earlier stages of negotiation for clients whose requested
virtual machines’ allocation would balance resource
utilization. For example, the request shown in Figure 2(a)
will be offered more attractive price in early stage of
negotiation compared to the request shown in Figure 2(b).

Automated SLA negotiation has been studied in the
context of Service Oriented Architecture (SOA) and Grid
Computing. They [2, 3, 5] mainly focused on offering
negotiation strategies which maximize user’s utility values
and number of signed contracts. However, previous works
have not considered Cloud management issues (such as
resource utilization balancing) in the bargaining strategy. It
means that Cloud providers are willing to concede on the
price of resources which are less utilized, and that has to be
reflected in negotiation tactics. In addition, previous works
have not considered reliability in the negotiation process.
That is because service requestors would trust whatever QoS
criteria values providers offer in the process of negotiation.
Nevertheless, providers may offer a QoS values in
negotiation which was not fully achieved according to the
monitored QoS data. Consequently, this work presents a
negotiation strategy that captures user’s preferences and
provider’s resource utilization status, and utilizes a timedependent tactic along with theory of statistics to maximize
Cloud providers’ profit, adhere to deadline constraints of
users and verifies providers offer reliability.
The rest of the paper is organized as follows: Section
two highlights challenges in SLA negotiation in Cloud that
have not been addressed by previous works. Then, while the
third Section provides a high-level description of the

III.

NEGOTIATION FRAMEWORK

Figure 3 shows major components in the negotiation
framework and Figure 4 briefly describes the sequence of
interaction between the Cloud and the requester negotiation
services. A service requester specifies certain requirements
such as hardware specifications like CPU, storage, and
memory. In addition, the requester provides preferences on
the QoS criteria. Then, functional and QoS requirements are
used as input for discovery of suited Cloud services.
Afterwards, client Negotiation Service (NS) starts the
negotiation with discovered service providers’ NSes on QoS
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A. Negotiation model
To create a negotiation model, we extended the model
proposed in [1] to incorporate the reeliability of offers. In the
model, the negotiation service receiv
ves requestor preferences
on the importance ሺ୧ ሻ of n nego
otiation issues, ୧ and
୧ (reservation values) which are
a acceptable range of
values for issue i ( ୧ ), and negotiation deadline ( ୫ୟ୶ ). The
service then measures the utility of offers received from
other negotiation service based on th
he Equation 1.

criteria (price and availability) based onn the requester’s
preferences. It is worth mentioning that thhe client’s budget
and deadline for acquiring resources are used by the client
NS to make a decision on accepting or reejecting an offer.
Client NS uses a time-dependent tactic which takes client’s
preferences as an input and automatically geenerates an initial
and then consequent offers. Once the Cloudd NS receives the
offer, it uses request functional, QoS reequirements, and
Cloud resources utilization supplied by monnitoring system to
generate counter offers. On the arrival of pproviders’ offers,
the client NS uses reliability evaluator coomponents and a
time-dependent tactic to accept or rejecct the offer, or
otherwise reply with a counteroffer.

ܷܸ ൌ σୀଵ ܹ ܸܫ  σୀଵ ܹ ൌ ͳ
Cloud service functional
requirements and nonfunctional preferences

WSML
data center
monitoring

(1)

Cloud
NS

client
NS
ontologgybasedd
discoveery

Cloud
service
repository

reliability
evaluator

monitoring
m
service
manager

(a)

semantic
SLA
repository

(bb)

third party Cloud
monitoring service

Figure 2. Requests and their effects on balancing reesource utilization.
Figure 3. Service negotiatiion framework.

If the negotiation is successful, an SLA ccontract is signed
by both parties and the obtained contract, w
which includes set
of expected QoS values (service level objecctives), is kept in
the SLA contract repository. The moonitoring service
manager discovers and selects the requuired monitoring
services based on user preferences (cost annd reliability) for
each SLA contract in the repository. They constantly
monitor the SLA and notify reliability eevaluator on any
violation of service level objectives.
Moreover, as explained in our previouss work [11], QoS
ontology, Cloud services, their QoS, user reequests, and SLA
contracts are described using Web Seervice Modeling
Language (WSML) [12]. Consequently, Cloud service and
monitoring service discovery componennts can perform
semantic matching using terms defined in thhe ontology. The
ontology-based discovery can increase the leevel of flexibility
and automation, allowing the two parties tto use their own
terminology as long as it is related too the commonly
understood conceptual model.
IV.

Next, as shown in Equation 2, the offer will be only
accepted if its value is greater than or equal to the utility of
the counter offer that will be sent by the negotiation service.
Otherwise the negotiation service generates a new counter
offer. In addition, if the timestam
mp of the received offer
(ݐ ) is greater than the deadline the service terminates the
negotiation.
ܴ݁ ݁ݏ݊ݏൌ
ݐ݂݅݁ݐܽ݊݅݉ݎ݁ݐ  ݐ௫ 
ቐ ܸܷ݂ܽܿܿ݁݅ݐ  ܷܸ௨௧  (2)
݃݁݊݁݁ݏ݅ݓݎ݄݁ݐݎ݂݂݁ݎ݁ݐ݊ݑܿݓ݁݊݁ݐܽݎ
A. Time-dependent negotiation tactic
As cited by Faratin et al. [2], tim
me-dependent negotiation
tactics are a class of functions that work out the value of an
issue by considering the time facctor. Therefore, they are
particularly helpful when NS receiv
ves a deadline (ݐ௫ ) as
an input, and has to concede faster as the deadline
approaches. For this family of tactiics, Equation 3 is used by
NS “a” which represents either a Cloud
C
service requestor or
a provider to generate a new coun
nter offer for NS “b” for
negotiable issue i.

NEGOTIATION STRATEEGY

Prior to explain the negotiation strategiees for each party,
a brief description of the negotiation model and the applied
negotiation tactics are given. In additionn, descriptions of
symbols used for express negotiation proccess are listed in
Table II.
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݉݅݊  ߙ ሺݐሻሺ݉ܽݔ െ ݉݅݊ ሻ
݂ܸ݅ ݅݃݊݅ݏܽ݁ݎܿ݁݀ݏ
௧
ሾ݅ሿ ൌ
ܱ՜



 (3)
݊݅݉ ۔  ሺͳ െ ߙ ሺݐሻሻሺ݉ܽݔ െ ݉݅݊ ሻ
݂ܸ݅ ݅݃݊݅ݏܽ݁ݎܿ݊݅ݏ
ە
ۓ

TABLE II. DESCRIPTION OF SYMBOLS

symbols

Description

ܽǡ ܾ
ܹ
ܸܫ
ܷܸ

negotiation parties
importance of issue i
offer value for the issue i
utility value of the offer
offer time stamp
negotiation deadline
offer sent from a to b for issue i
minimum acceptable value of issue i for a
maximum acceptable value of issue i for a
time-dependent function of issue i for a
value offered for issue i by a
initial offer value for the issue i by a
convexity degree
price of virtual machine instance at t
price of a resource j (e.g. RAM) at t
time dependent function for price of
resource j
initial price for resource j
portion of resource j that is available
convexity degree for price of resource j
resource utilization balancing oriented
tactic
priority oriented tactic
relative importance of RUBO
relative importance of PO
reliability constraint for issue i
reliability of an offer’s value of issue i

ݐ
ݐ௫
௧
ሾ݅ሿ
ܱ՜
݉݅݊
݉ܽݔ
ߙ ሺݐሻ
ܸ
݇
ߚ
ܲ௧
ܴܲ௧
ߙܴ
ܴܲܫ
ܣ
ߚ


ܱܲ
ߛଵ
ߛଶ

ܴܥூ
ܴூ

Figure 4. Negotiation sequence diagram.

B. Providers Strategy
For providers, the negotiation service input is composed
of the Cloud resource utilization, minimum and maximum
resource prices, and amounts of requested resources. The
output of NS can be a SLA contract with full specification of
provider, client, services, and service level objectives.
Providers are interested in an SLA negotiation strategy that
balances the available resources, and gives the attractive
offers while keeps their utility functions high. To achieve
that we have to concede more (by adjusting time-dependent
function parameters) on the price of the resources which are
less utilized (or have more free capacity) and less on the
resources which are more utilized.
There are works that requires time-dependent function
parameters to be given explicitly. However, Zulkernine et al.
[5] proposed a method to derive the parameters from the
high level negotiation policy. Inspired by their work, we
propose an approach to derive a price for the next offer based
on the Cloud resource utilization. In comparison to
Zulkernine et al. work, we argue that our approach is suitable
for parallel negotiation in Cloud context. The reason is we
are discriminating regarding the pattern of concession when
negotiating concurrently with multiple clients, while
Zulkernine et al. applies same pattern of concession for all
clients. As shown in Equation (5-9) we first define a total
price of an instance as the sum of prices of its individual
resources (Equation 5). In the next step, for each resource, a
time-dependent function (Equation 6 and 7) is defined, and
its parameter is adjusted (Equation 8 and 9) based on that
particular type of underutilized resource capacity compared
to average resources’ unoccupied capacity (ܣҧ).

Numerous functions have been defined for calculation of

ߙ ሺݐሻ such as polynomial and exponential [2]. As it can be

figured out from Equation 4, by changing the value of
ߚ(convexity degree) in both functions the behavior of the
negotiation tactic changes. Ifߚ  ͳ then the tactic reaches
its reservation’s value at the early stage of negotiation.
However, in the case of ߚ ൏ ͳ it concedes to its reservation
value only when the deadline is approaching. In our work
we adopt this family of the negotiation functions and change
ߚ dynamically to maximize the NS utility function.

ߙ ሺݐሻ ൌ
൞

ଵ
ሺ௧ǡ௧ೌೣ ሻ ൗఉ
ቁ
݈ܲܽ݅݉݊ݕ݈
௧ೌೣ 

݇  ሺͳ െ ݇ ሻ ቀ

݁

ሺǡೌೣ ሻ ഁሺೖೌሻ

ሻ
ೌೣ 

ሺଵି

(4)

݈ܽ݅ݐ݊݁݊ݔܧ

ܲ௧ ൌ σ
ୀଵ ܴܲ௧
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(5)

ܴܲ௧ ൌ ܴܲ݊݅ܯ  ߙܴܲ ሺܴܲݔܽܯ െ ܴܲ݊݅ܯ ሻ
ߙܴ ൌ ܴܲܫ ሺͳ െ ܴܲܫ ሻ  ቀ

ܣҧ ൌ

ሺ௧ǡ௧ೌೣ ሻ
௧ೌೣ 

ቁ

σ
ೕసభ ೕ

ଵൗ
ఉೕ

(6)

monitored data) for each issue. For example if in multi-issue
negotiation, a provider concedes in availability and its
reliability in availability is not high users should not consider
that as an attractive offer.

(7)

=ݏ݊݅ݐ݀݅݊ܿ݁ܿ݊ܽݐ݁ܿܿܽݎ݂݂݁

(8)


തതത

ߚ ൌ ݁ ሺೕିሻ

(9)

ቊ

(12)

We utilized the beta reputation system [4] to assess the
reliability of offers. The reason is that Monitoring Outcome
(MO) of a particular SLA contract can be modeled as
Equation 13, and therefore is a binary event. Consequently,
the beta density function, which is shown in Equation 14,
can be efficiently used to calculate posteriori probabilities of
the event. As a result, the mean or expected value of the
distribution can be represented by Equation 15.
 ܱܯൌ ሼܵ݀݁ݐ݈ܽ݅ݒݐ݊ܣܮǡ ܵ݀݁ݐ݈ܽ݅ݒܣܮሽ
݂ሺݔሃߩǡ ߬ሻ ൌ

ሺఘାఛሻ
ሺఘሻሺఛሻ

 ݔఘିଵ ሺͳ െ ݔሻఛିଵ 

(13)
(14)

Ͳ   ݔ ͳǡߩ ൏ Ͳǡ ߬  Ͳ
ρ ൌ ሺሻ ൌ ɏȀሺɏ  ɒሻ

భ

(15)

As mentioned earlier in the Section III, in our
architecture a component is responsible for monitoring SLA
contracts. If we assume that the monitoring component has
detected that SLA violation occurred v times for provider of
p (for total number of n monitored SLAs). Consequently,
considering that ߩ ൌ ݊ െ  ݒ ͳ and ߬ ൌ  ݒ ͳ , the
reliability is equal to probability expectation that SLA is not
going to be violated and is calculated as shown in Equation
16. Once ܴூ is calculated for all issues, NS can only
accept the offer if for all the issues ܴூ is greater than
ܴܥ ܸ ݅ܫ.

(10)

Where n is the number of criteria in the negotiation, c is a
constant, and ܹ is the importance of issue i and σୀଵ ܹ ൌͳǤ
௧
௧
௧
ሾ݅ሿ ൌ ߛଵ ܴܷܱܤ՜
ሾ݅ሿ+ߛଶ ܱܲ՜
ሾ݅ሿ
ܱ՜

ʹሻ݂݂݅ ܫܸݎ݂݂ܴ݁ ݅ܫܸ݄ܿܽ݁ݎ ܴ݅ܫܸݎ݂݂݁ܥ
݅

As shown in Equation 9, when the free capacity of a
resource is higher compared to the average resources’ free
capacity in the Cloud, ܣ െ ܣҧ  Ͳ and ߚ >1, and therefore
the negotiation strategy is conceding on the price of that
resource. As a result, providers offer more attractive price in
earlier stages of negotiation for clients whose requested
virtual machines’ allocations would balance resource
utilization. This increases the chance of reaching the
agreement with the preferred request. However, in this tactic
ߚ is calculated based on the resources utilization and does
not reflect the preferences of provider regarding the
importance of price and guaranteed availability criteria. The
tactic offered in [5] is used in Equation 10 to derive ߚ from
provider’s preferences. Consequently, in order to satisfy all
providers’ objectives, the negotiation strategy has to be built
as a mixture of those aforementioned tactics as shown in
Equation 11.

ߚ ൌ ݁ ሺିܹ݅ሻ

ͳሻ݂ܷܸ݅ ݎ݂݂݁ ܷܸܿ݀݊ܽ ݎ݂݂݁ݎ݁ݐ݊ݑ

(11)

Where ߛଵ + ߛଶ ൌ ͳ , and RUBO, ܱܲ are offers’ issue
values generated by Resource Utilization Balancing Oriented
tactic and Preference Oriented tactic respectively.
C. Cloud Client NaaS
The client NS receives user references on budget,
deadline, and QoS criteria importance. Then it maps the user
preferences to low level time-dependent parameters as
described in the previous section based on the Equation 10
[5]. It means that ߚ is defined in a way that the NS concedes
less if the criteria are more important to the user and
concedes more otherwise. Analytic Hierarchy Process (AHP)
[11] is adopted in our work to capture the importance of the
criteria for the user.Similar to the provider NS, the output
can be a SLA contract with full specification of services,
provider, client and service level objectives. In this strategy
our contribution lies in probabilistic assessment of offers
reliability in negotiation.
Client NS assesses providers offers’ in a probabilistic
approach based on their past adherence level to the SLA
contracts. Therefore, as shown in Equation 12, the client NS
only accepts offers when similar previous accepted offers
have achieved certain level of reliability (based on the

ܴܸ ݅ܫൌ

ି௩ାଵ
ାଶ

V.

(16)

PERFORMANCE EVALUATION

We have extended CloudSim [15] with a negotiation
service for client brokers and data centers. The extended
negotiation package enables datacenters and negotiation
broker to have distinct negotiation strategies. The designed
negotiation scenario for the experiments consists of 4 client
brokers and 2 data centers which offer virtual machine
instances similar to Amazon EC2 offers [16]. Negotiation
brokers simultaneously send requests to data centers. A
request for a resource is formally represented by Equation
17.
 ൌ ܰ  ܰோ  ܰு

(17)

Where ܰ is number of CPU units requested, ܰோ is
number of RAM units requested, and ܰு is number of
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VI.

hard disk units requested. Requests for resources generated
for experiments can be classified into two classes, namely
balanced and unbalanced. In a balanced request, ܰ =ܰோ
=ܰு , while in an unbalanced requests ܰ ് ܰோ ܰு .
The balanced and unbalanced requests for our experiments
have been designed according to Amazon EC2 instances
types [16]. Random requests (with different budgets,
reliability constraints, and requested virtual machine Type)
are simultaneously sent by client brokers in intervals of 60
seconds. In addition, both client NS and Cloud NS use
polynomial functions.

Service Level Agreement Management (SLAM) has been
investigated heavily by researchers in the context of Grid
computing and Service Oriented Architecture (SOA). As
shown in Figure 6, researches in this area mainly have
focused on three aspects of SLAM namely as: SLA language
specification [11], SLA negotiation techniques [5], and SLA
monitoring approaches [10, 11].
Kotsokalis et al. [9] offer a generic architecture, which
can be utilized across different domains and use cases to
support SLA management and tries to address all phases of
the SLA management lifecycle, from negotiation and
establishment to termination, with respect to the existence of
SLA interdependencies. The goal is to ensure that operations
of existing services would not be affected. In contrast with
our approach, no mechanism is provided for semantic
annotation of SLA contract, and no details are provided on
how negotiation has to be carried out when there is time and
resource constraints. In addition, in their architecture there is
no component to measure reliability of offers to enhance the
quality of decision making in the negotiation.
In SOA context, an approach to provide support for
reaching agreements between the service consumer and
providers is crucial. However, reaching the agreement is
more challenging in the case of service composition where
the consumer negotiates with multiple providers. Yun et al.
[6] has tackled this issue by adopting agent technology and
extending the Foundation for Intelligent Physical Agents
(FIPA) protocol [7]. The work chooses the utility function
for developing decision making model for agents and uses
the concept of fuzzy similarity [3] in its negotiation strategy.
The presented negotiation strategy makes effort to increase
the chance of reaching the agreement by generating more
similarity between offers and counter offers. The language
used for negotiation is WSDL, and the prototype
implementation shows the feasibility of the approach.
Compare to their work, our work uses WSMO and WSML to
model an SLA language which brings a common
understanding on QoS criteria for all parties involved in
negotiation. In addition, the dose not define how the
negotiation strategy of service provider differs from client
when both resource and time constraints exist in the
negotiation problem.
When SLA negotiation consists of multiple issues such
as service time and price, approaches which are purely timedependent [2] are no longer effective. Coehoorn et al. [8]
offered a multi-issue negotiation approach by gathering
information regarding opponents’ preferences across
negotiation issues using kernel density information. After
obtaining the preferences, the work uses fuzzy similarity [3]
to create a counter offer which keeps the high utility for the
negotiation agents and improves the utility of the opponent.
Fuzzy similarity technique was proposed by Faratin et al. in
2002 [3]. It investigates the situation where an agent is
willing to offer more attractive SLA contract to its opponent,
however it does not intend to decrease its utility function.
The work presented an approach that determines how much
(in a scale of 0 to 1) two contracts match. Having that and

profit of our strategy - profit of pure time-dependent

A. Experimental Results
In this subsection, performance we measure performance
(regarding profit) of proposed strategies for workloads with
different number of balanced and unbalanced requests is
presented. For these experiments requests’ deadlines are
fixed. Moreover, it is assumed that Cloud providers have
similar initial prices for their resources in offers. The aim of
this experiment is to investigate how successful the
proposed strategy for Cloud NS is in accommodating more
requests and thus increasing Cloud providers’ profits which
is calculated based on the number of the VM allocated and
achieved price in the negotiation. The experiment in this
section was repeated 30 times. In addition, profits are
normalized to be in range of 0 to 100.
20

15

10

5

0
20

50

RELATED WORK

75

percentage of unbalanced requests

Figure 5. Comparison of resource utilization balancing oriented and
purely time-dependent strategies.

In the experiment, one of data centers adopted purely
time-dependent function and the other adopted our strategy.
As Figure 5 shows, when percentage of unbalanced requests
increases, the difference between strategies offered in works
such as [5, 2] (purely time-dependent) and our work grows.
The results show that even for the cases where only a small
percentage of incoming requests are unbalanced (20 percent),
still data centers can increase their profits by almost 4
percent on average. In addition, if the chance of a request to
be unbalanced is 50 percent, then the profit growth increases
to 7.5 percent on average. And finally, for the time that
percentage of unbalanced requests is set to 75, our strategy
can dominate previous work’s strategy by nearly 14 percent.
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Negotiation
issues

OWL

Timedependent

Single-issue

WSML

tarde-off
based

Multi-issue

Policybased

Composition

Resourcedependent
Behaviourdependent
Predictionbased
Figure 6. SLA Negotiation Taxonomy

fine-grain QoS metric for CPU performance that can be used
in SLA, and avoids fake SLAs violation to help providers
achieve higher resource utilization. The major drawback of
current works is that the service requestors would trust
whatever QoS values providers offer in the process of
negotiation, and then they signed the contract based on those
values. However, providers may offer a QoS values in
negotiation which is less likely to be achieved based on the
monitored QoS data. The SLA negotiation works main
weakness is that they have not differentiated the decision
making phase from the bargaining phase. Even though they
have succeeded in offering effective bargaining approaches,
however they blindly trusted offers from the service
providers and most importantly they make the decisions
based on those offers.

using hill-climbing algorithm, the work searches the space of
feasible contracts to find a contract that has the highest
similarity with the opponent offer and still has the same
utility value as the previously offered contract. Investigating
effectiveness of applying fuzzy similarities in our problem is
considered for our future work.
Compare to the work done by Zulkernine et al. [5], our
work used WSMO and WSML to model the SLA language,
which brings a common understanding on QoS criteria for all
parties involved in the negotiation. In addition, we argue that
our approach is suitable for parallel negotiation in Cloud
context. The reason is that we are discriminating regarding
the pattern of concession when negotiating concurrently with
multiple clients (to increase Cloud providers profit) while
Zulkernine et al. believe in having the same pattern of
concession for all clients. When the parties in negotiation
have deadline on trading the services, the remaining time is
the most significant factor to determine the offers in each
round of negotiation. In the context of Cloud computing,
there are factors which have to be considered to generate
offers. The reason is that Cloud service providers have to
decide on the negotiation issues based on the availability of
resources and time passed in negotiation.
Identifying SLA QoS parameters and fine-grain metrics
to measure them is a fundamental task in the process of SLA
management. Lawrence et al. [18] proposed an approach for
SLA management which is built using WS-agreement and is
a part of project called OPTIMIS. Their work is designed for
environments where SLM is needed between service
providers and infrastructure providers. In comparison to our
work, they have defined several novel negotiation criteria,
but not any negotiation tactics that can be utilized in Cloud
environments. Similarly, Goiri et al. [17] has worked out a

VII. CONCLUSIONS AND FUTURE DIRECTIONS
In this paper, we described SLA negotiation challenges in
Cloud computing environments. We also proposed a timedependent negotiation model to tackle such challenges. We
have included reliability assessment of offers in the
negotiation process to increase the dependability of our
strategy while filling the gap between decision making and
bargaining. Even though many of the works in literature
apply the same pattern of concession for all clients when
negotiating in parallel, we argued that discriminating
regarding the pattern of concession helps Cloud providers to
accommodate more requests and thus increase their profit.
Our approach was tested against purely time-dependent
approaches, and it shows its dominance in generating more
profit for providers.
We have run other experiments by modifying parameters
such as deadline of requests and initial offer values, however
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due to lack of space we could not present it in this paper and
will be presented in a technical report. In addition, in future
we are going to investigate effects of replacing the
polynomial with exponential function on the profit of
providers. Moreover, the effects of heterogeneous
negotiation (not from same family of time-dependent tactics)
on the profit of each party in negotiation will be explored.
Finally, consequence of variation in reliability constraints on
the number of successful negotiation is going to be
examined.
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