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Abstract: Cloud computing is a paradigm to obtain 

resource versatility that a client can size over the intake 

of resources that he required, without right capital 

venture or long lasting responsibility forth.  For the 

elicitation of Quality of Service (QoS) there should be 

proper bondage with Client demands, and Cloud 

Service Provider with respect to (Service level 

Agreement) SLAs.  The SLA (Service level 

Agreement) is a distributed agreeable record between a 

CSP and Client nomenclature in Cloud computing 

environment.  In our research document, we examine 

and get tiny interesting conclusion about Cloud Service 

Provider assets in link with usage of resources by 

client, which admits in a new form of thinking about 

the migration to new Cloud Service Provider if the 

failure condition of CSP in accommodation resources 

are high.  A peculiar techniques focused on our novel 

solution about Expected Monetary Value and Expected 

Value of Perfect Information was triggered to the 

failure problem at CSP side and well toned for better 

resource utilization in time.  

 
Keywords: Cloud Computing, Load Balancing, 

Resource Provisioning, Energy Utilization, Service 
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1. Introduction 

The Immense growth in Cloud Computing spread out 

in a number of research areas exhibiting the platform 

for utilization of resources in a network with little 

hurdles.  Availableness and overall flexibility with 

related to time and cost are attributes embedded in 

cloud computing environment.  Heterogeneity of 

resources is used for computations that are provided by 

CSP for the Client requests.  The Resources in CSP 

was monitored and balanced as it is pre documented in 

SLA’s.  Cloud computing paradigm enables different 

hardware and software structures that are grouped as 

physical machines, load balancing techniques, load 

monitoring techniques and different simulators for the 

measurement of work flow takes place. 

The SLA document formed with different 

attributes such as negotiations of client and CSP with 

related to demand and supply of market conditions.  

The SLA’s are constituted with a mutual understanding 

philosophy between client and CSP with a active 

participation of Cloud service broker.  The monitoring 

of SLA’s can be carried by both the parties (client and 

CSP), the client should be aware of cost spending for 

resource utilizations.  The failures of CSP are carried in 

the form of penalties which transforms as credits to 

client. 

The assessment of things are carried with 

different probability approaches, finally decision 

making criteria leads to monitor the activities for the 

justification of worthy analysis output.  In our novel 

approach the prediction of average value was calculated 

among the several values by adding each instance of 

actions and multiplied with the associated probabilities 

with nature of states, this exhibits the Expected 

Monetary Value at risk environment to take a correct 

decision.   

The other additional information synchronizing 

to the Expected Monetary Value yields Expected Value 

of Perfect Information which is trust worthy to our 

problem solving. An optimal solution was extracted for 

spending cost of client for efficient utilization of 

resources for fulfilling the contract with CSP  

 

 

 
     

Figure 1.1.  Interaction of “Cloud User, SLA’s and 

CSP” 
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Our research document was arranged  as  six 

segments with introduction, attributes in our research 

problem, literature survey on energy utilization, 

literature survey on load balancing, Problem 

formulation with methodologies implemented  and 

decision and finally with conclusion. 

 

2. Attributes Involved In Our Research  Problem 

 

Cloud Computing : it is the paradigm where the 

utilization of resources are versatile in a shared 

platform with mutual understanding, where the client 

and CSP are the main stake holders of cost benefit 

criteria with respect to SLA’s, without investing huge 

initial capital which yields the Quality of Service 

Cloud Client: He's an energetic stakeholder in 

cloud computing environment without initiating the 

huge capital for the resources that are essential for his 

computations and acquiring them with optimal price 

benefit system to gratify his functionalities of 

computations. 

Cloud service provider: He's a strong stake 

holder in Cloud computing environment having pack of 

heterogeneous resources, as the customer demands after 

a while for his chosen functionalities.  The cloud 

service provider mingles to the SLA's and acquires 

ideal cost benefits. 

Cloud service broker: He's a dynamic expert 

between cloud client and CSP, and exhibit SLA’s 

between both parties.  Negotiation of resources 

between parties based on market conditions, monitoring 

customer perspectives and CSP perspectives for 

maintaining of future bondages. 

  Service level Agreements: A pre documented 

procedural file with common agreeable 

recommendations between client and CSP for the 

execution of client instantaneous computation needs as 

the resources assigned by CSP with appending of 

attributes cost and time 

EMV & EVPI : Expected Monetary Value and 

Expected Value of Perfect Information are the two 

decision making techniques in risk state environments, 

which returns a worthy analysis for the cost spending 

during the fulfilment of contract  procedure by client. 

Data Center: it is a physical machine with 

enabled virtual machine features, segmented as many 

machines used for computations, which are allocated 

by the CSP with respect to the client appeals. 

Data center arrivals and services 

Taking about the arrivals in data centre first, 

these arrivals are inlayed with some entities like time, 

SLA's and queuing theory systems.  As the arrivals are 

compelled to different computations and the assistance 

was been handled by the predetermined decision 

making steps of the data center.  

The services are examined at the tonner level in 

coordination with data center which helps for a liable 

usage of energy and load balancing in cloud computing 

environment 

Load balancing and Monitoring: These are the 

techniques involved in allocation of resources by CSP 

to client for the efficient utilization of resources in 

cloud computing paradigm. The state of Load 

balancing and monitoring may be manual or machine 

control 

 

Central load balancer of the data center : 

A central load balancer was tagged with 

varying elements arrivals, services, SLA’s, provision of 

resources, space for storage, system use etc.  The 

central load balancer is a package deal with generalized 

anatomy of services and arrivals, where pruning and 

toning was carried   

This suggestion can help any threat of load 

balancer never to prone for the key aspect burst 

situations which fall on the data center.  Pruner is 

obviously an element which helps for the accountable 

of data arrivals and trim the arrivals as mentioned 

conditions of SLA's , and provide consistent condition 

to the data centre environment.   

Toner is unquestionably a component will need 

to have agility about the data center circumstances. The 

toner helps for the ongoing services of the data centre 

and helps for the better system usage. So, this research 

solution bridges the usage of energy and load balancing 

concepts. 

 

 
 

Figure 2.1. Pruning and Toning in Data Center 

 

3. Literature on some efficient energy utilization 

algorithms on data centres 
 

In [1] service level agreements are prone for violation 

as CSPs and client demand aren't proper.  A function 

for energy bringing down cost and incrementing of 
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renewable energy with price tag and load was allocated 

with convex optimization problem. 

Positives: Convex optimization problem was 

implemented for renewable energy deployment 

Downsides: Pre solved SLA's would be the dynamic 

hurdles 

In [2] purchasing of electricity and cost made 

for data center should be reduced to remove the carbon 

emissions.  Integrated energy management for the 

arbitrary set up energy self storage units should be 

sensible [RES].  A strategy of LYAPWOV was 

included for workload optimality and energy 

management.  In cloud environments data center 

multiple nodes are mapped and trading mechanism with 

two way approach was introduced for random and non-

dispatch able of [RES] 

Positives: an alert for carbon emissions and reduction 

of cost for the electricity on data center needs 

Downsides: it is not sustainable for all those real-time 

application 

In [3] load balancing geographically was 

recalled and managing bridge was designed for best 

energy cost and static GLB algorithms.  A green with 

greedy approaches initiated to all or any or any arrivals 

and work load is distributed finally a relocation scheme 

was incorporated. 

Positives: Echo friendly with green approach 

Downsides: this is a novel solution it cannot be 

implemented in dynamic situations 

In [4] bridging between potential grid and data 

centers with a two level problem was initiated.  

Something  for choosing of price in the first level and 

cost minimization in second level by data center.  An 

optimal solution where a bound and branch mechanism 

was affixed to get near to the optimal solution. 

Positives: both levels minimizes the total cost of 

electricity 

Downsides: the intricacy is more to attain for best 

answer 

In [5] many gain aware algorithms with multi 

sense was revolved in distributed environments.  CSP 

have  a managerial inclination of market environment 

of electricity and propose for a income and cost aware 

options for resource allocation and increasing of 

services, these services are inspected with a server with 

On and Off switches. 

Positives: profit and cost aware alternatives was liable 

activity for CSP 

Downsides: not flexible for just about any DC 

environments. 

In [6] a bio natured lighting fly algorithm was 

advised for data centre for trimming of load and energy 

balancing.  Unused nodes which are often facilitated for 

future use will be the keys of wastage of energy.  

Finally the researcher recommended a delivered energy 

paradigm for the using nodes in a data center 

Positives: a new lighting fly bio natured strategy was 

selected 

Downsides: the advised methodology may have flaws 

in productive environment 

In [7] a nano methodology of micro processors 

and the production termed with heat managed by using 

a software was recommended as the change in radiant 

voltage and scaling of frequencies. 

Positives: the platform of hardware in conditions of 

voltage and rate of frequencies was studied more 

Downsides: the reduction of temperatures attains to the 

cool point was not only the factor for load balancing 

In [8] a heterogeneous elements in a data center 

collides with resource allocation, scheduling and 

energy efficient usage was considered with effective 

decision making process.  There's an adjustable aspect 

in a data center which is often employed greedily 

Positives: Heterogeneous elements in a data centre was 

considered 

Downsides: a theoretical model. 

 

4. Literature on some load balancing algorithms 
 

Greedy To In[9] balancing of load is the main element 

plan  a central load balancer and a active monitor was 

clipped with different resources CPU, network, and 

storage area for effective load balance handling among 

different virtual machines 

Positives: Central load balancer and a monitor was 

initiated on different way to obtain resource utilization 

Downsides: Practically it was not clear the work of 

developing load balancers was not sufficient for the 

effective changes in the system 

In [10] generally a tree topological format was 

exhibited on data centre network.  Here a multi routed 

tree structure was placed where it collides with 

congestion load balance and agility.  Client forwards 

the request for the services of the server in the 

knowledge data center and a server in a rack of 

machines appears to be a excess fat tree structure.  Any 

risk of balancing the load was made with comparable 

cost multipath method and an unstableness of data 

center network congestions are arranged with agility 

services.  Traffic flow issues and band width are the 

key constraints in this intensive research. 

Positives: The thought of agility addresses for the 

dynamic changes in the data center 

Downsides: a traffic stream concern can't be content 

with ECNP 

In [11] mega data centre devolved controllers 

play a essential role in load balancing for the 

improvement of system use, congestions arrived slated 

to workload and complexities advanced for 

reconfiguration the recommended method here's f-

approximation and NP-completeness problem for the 

powerful situations that comes during work syndication 

among controllers.  The best outputs the throughput of 

the device. 

Positives: Pivoted role of devolved controllers was 

emphasized more 
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Downsides practically there may be significant 

amounts of drawbacks. 

In [12] CONGA is something which pulls the 

very best priority of load balancing from remote control 

switches by reviews process.  The choosing of multi 

hop CONGA centers into flow lets and flow schedule 

and congestion metrics are transmit with piggy support. 

Positives: For add balancing reviews procedure 

considered and multi hop CONGA strategy was 

deployed 

Downsides: it was not so clear as there is absolutely no 

up to point system about the prediction of congestion 

In [13] quality of service enriched with 

response timeframe in cloud data centers.  When a 

fuzzy based controller and load balancer was comprised 

on different constraints level of processors and CPU 

rate and a novel solution was tackled on response time 

of data center, expansion of physical hardware was 

long and minimization of threshold in response time 

was discussed in this paper. 

Positives: Fuzzy focused load balancing was made for 

managing of load 

Downsides: a novel solution of threshold in response 

time was not obviously boosted. 

In [14] an assessment for lowering 

infrastructural assets provisioning was deployed with 

OCRP which bridges with QoS, which must be 

provided to execute a virtual machine. Owner total cost 

was exhibited on the proposal for upgrading and 

degrading. 

Positives: making all asset provisioning under one roof 

Downsides: Not all the asset and their characteristics 

was evidently mentioned 

In [15] the inbound jobs disseminate with 

optimality procedure in virtual machine of the data 

center monitoring of load balance was favourably 

exercised and throw the new arrival to virtual machines 

which is least loaded alternatively the consideration of 

utilizing memory was not given importance. 

Positives: balancing of load was favourably exercised 

Downsides:  Using memory was not considered. 

In [16] guarding of data centers was interlinked 

with Memory, CPU, Storage and virtual machine. If an 

anomaly was exposed in a physical server, the main 

element cause and burst cycle was pinned with tail 

guards to remove performance degradation. 

Positives: guarding of data centers using tail guards 

Downsides: not consider more in an real time bounded 

applications 

In [17] scalability was suggested with a 

devolved controller.  Both periods of controller 

examines for monitory and rerouting, where the 

network was differentiated into several region.  The 

functional systems are f-approximation and NP-

Completeness was used to full fill the proposed model. 

Positives: Scalability with a two level was incorporated 

Downsides: NP-completeness cannot assure traffic 

load balancing 

 

In [18] congestion was mixed into two categories that is 

elephant and mice group.  The huge traffic in an 

elephant group was modulated and the controller on the 

mice group applies state free.  Because it is determined 

traffic is strong heterogeneity for multicast solution, to 

beat this switches with reasoning was put in place. 

Positives: dividing straight into elephant and mice 

groupings and reasoning was inlayed on switches 

Downsides the advised solution is not yet identified 

well for entire conditions of multicast solution in data 

center 

 

5. Problem Formulation And Methodologies 

Implemented and Decision 
 

Problem Formulation: 

The client is in need of certain resources so, he 

has to hire from CSP basing on SLAs.  Among these 

resources one of the resource exhibits maximum 

functionalities (eg: Data Center).   

There may be a chance of failure of CSP 

resources for some reasons. The client may purchase 

credits in advance to fulfil his workflow in Non Stop 

work condition. The Unit cost of credit is taken as 2000 

INR.  

The failures at CSP side in resource allocation, 

has to pay penalties in the form of credits appending to 

client for free or for sale.    Based on the empirical 

history of CSP, the client may migrate to the new CSP 

for resources utilization for his computation 

functionalities, for an instance or a period of time to 

fulfil his workflow in Non Stop work condition, the 

cost spending by client may be more or less is not the 

matter. The cost of credits is taken as 10,000 INR   

 

Failures at 

CSP level 

0 1 2 

Failure 

Probability 

0.65 0.10 0.25 

  

Client purchase credits in advance Unit cost of credit is 

taken as 2000 INR to fulfil his workflow in Non Stop 

work condition  

  

Migration to new CSP by client the cost of credits 

taken as 10,000 INR 

A) Client purchase credits in advance from CSP to 

fulfil his workflow in Non Stop work condition 

with EMV calculation 

B) Migration to new CSP by client with Perfect 

Information acquiring optimal profit with no 

loss reduced failures  

METHODOLOGIES IMPLEMENTED 

Expected Monetary Value (EMV) 
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For given Possible Instances of States in Failures 

weighed with possible payoffs.  In much iteration we 

find an Expected Average Value 

 

Expected Monetary Value (EMV) stated as  

 

EMV (Client purchase credits in advance from CSP to 

fulfil his workflow Sj)  

 

Sj = ∑
m     

 Pij Pi
 

             i=1
    

  

Where
   

 m= n.o of Possible Instances of States in 

Failures 

  

Pi = Probability of Possible Instances of States in 

Failures Ni 

  

Pij=Pay off associated with Possible Instances of 

States in Failures Ni and Client purchase 

Credits in advance from CSP to fulfil his 

Workflow 

 

Algorithm for Expected Monetary Value (EMV) 

 

Step 1: The Possible Instances of States are build in a 

             Form of Payoff matrix 

Step 2:  Each Possible Instance of States entered with 

             Conditional Payoff value associated with 

             Occurrence of Probabilities of every state 

Step 3: Conditional Payoff value and Possible Instances 

             Of States are multiplied as the probabilities are 

             Associated 

Step 4: Weighted Values are added for Possible 

Instances 

             Of States 

Step 5: Select the Possible Instances of States which 

gives 

Optimal EMV 

 

EVPI (Expected Value of Perfect Information) 

 

This type of decision making gives the occurrence of 

best optimal value compared to EMV 

 

Mathematically it is represented as 

 

EVPI = (Expected Profit with Perfect Information)-

(Expected Profit without Perfect Information)                

   

  ∑m   Pi max (Pij)-EMV * 
     i=1

    

Where Pij = Payoff associated as Client purchase 

credits in advance from CSP to fulfil his workflow Sj is 

taken in the presence of Possible Instances of States in 

Failures Ni 

 

Pi=Probability of Possible Instances of States in 

Failures   

Ni 

 

EMV* = Maximum Expected Monetary Value 

 

METHODOLOGY-I   

 
Expected Monetary Value (EMV) 

 

Possible 

Instances of 

States in Failures 

(Client 

Observation)  

 

Ni 

Condition that 

Client purchase 

credits in advance 

from CSP to fulfil 

his workflow  

(Sj) 

Purchase 

Credit 

Cost 

 

(Pc) 

0  N1 0 (S1) 0 

0  N1 1 (S2) 2000 

0  N1 2 (S3) 4000 

1  N2 0 (S1) 0 

1  N2 1 (S2) 2000 

1  N2 2 (S3) 4000 

2  N3 0 (S1) 0 

2  N3 1 (S2) 2000 

2  N3 2 (S3) 4000 

 

In Possible Instances of States in Failures (Client 

Observation) Ni ---- 0 states is taken as N1, 1 state is 

taken as N2 and 2 state taken as N3. 

 

In Condition that Client purchase credits in advance 

from CSP to fulfil his workflow (Sj) ---- with related to 

N1 we have three conditions 0,1,2 which as assigned as  

(S1), (S2) (S3).  

 

Purchase Credit Cost (Pc) is occurred depends on Ni 

and (Sj) depends on the Unit cost of credit is taken as 

2000 INR  

 

Migration to new CSP by client the cost of credits 

taken as 10,000 INR 
                                 

 

Migration to new CSP by client 

 

Possible 

Instances of 

States in Failures  

(Client 

Observation) 

 Ni 

Condition that 

Client purchase 

credits in 

advance from 

CSP to fulfil his 

workflow 

(Sj) 

Migration 

to new 

CSP by 

client 

spend cost 

(Mc) 

0  N1 0 (S1) 0 

0  N1 1 (S2) 0 

0  N1 2 (S3) 0 

1  N2 0 (S1) 10,000 

1  N2 1 (S2) 0 
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1  N2 2 (S3) 0 

2  N3 0 (S1) 20,000 

2  N3 1 (S2) 10,000 

2  N3 2 (S3) 0 

 

Total conditional cost (Tcc) = Purchase Credit Cost (Pc) 

+ Migration to new CSP by client spend cost (Mc)  

(Tcc)= (Pc) + (Mc) 

 

Ni (Sj) (Pc) (Mc) 

Total  

conditional 

cost 

(Tcc) 

0 N1 0(S1) 0 0 0 

0 N1 1(S2) 2000 0 2000 

0 N1 2(S3) 4000 0 4000 

1 N2 0(S1) 0 10,000 10,000 

1 N2 1(S2) 2000 0 2000 

1 N2 2(S3) 4000 0 4000 

2 N3 0(S1) 0 20,000 20,000 

2 N3 1(S2) 2000 10,000 12,000 

2 N3 2(S3) 4000 0 4000 

 

To find the Excepted Monetary Values for the given 

three Possible Instances of States in Failures (Ni) 

 

Possible 

Instances of 

States in Failures  

(Client 

Observation) 

Ni 

 

P
ro

b
ab

il
it

y
 

Total Conditional cost 

for (Sj) 

ie., (S1,S2,S3) related 

to N1,N2,N3 with 

associated Probability 

S1 S2 S3 

N1 0.65 0 2000 4000 

N2 0.10 10,00

0 

2000 4000 

N3 0.25 20,00

0 

12,00

0 

4000 

 

Resultant Credit Cost can be obtained as follows 

 

Resultant Credit Cost for N1------- Probability of N1 * 

S1 

N1=0.65*0 = 0 

 

Resultant Credit Cost for N1------- Probability of N1 * 

S2  

N1=0.65*2000 = 1300 

 

Resultant Credit Cost for N1------- Probability of N1 * 

S3 

N1=0.65 * 4000 = 2600  

 

In the same way we can get Resultant Credit Cost for 

N2 and N3. 

 

 

Total Resultant Credit Cost table for N1, N2, N3 with 

related to S1, S2, S3 

 

     

We have to take the minimum of Total Resultant Credit 

Cost among S1, S2, S3 as EMV so, for S3 we got 

4000* EMV = 4000* 

 

METHODOLOGY-II   
 

EVPI (Expected Value of Perfect Information) 

 

To (EVPI) first we have to calculate (EPPI) 

 

The Excepted Profit with Perfect Information (EPPI) 

can be determined as follows 

 

To get Optimal (Tcc) we have to take minimum value 

Total conditional cost (Tcc) among S1, S2, S3 of N1, 

S1, S2, S3 of N2 and S1, S2, S3 of N3  

 

Possible Instances 

of States in 

Failures  

(Client 

Observation) 

Ni P
ro

b
ab

il
it

y
 

Optimal 

(Sj) 

 

Optima

l 

(Tcc) 

N1 0.65 S1 0 

N2 0.10 S2 2000 

N3 0.25 S3 4000* 

  

Estimated Loss is calculated by multiplying the 

Probability and Optimal Total Conditional Cost (Tcc) 

with related to Ni, (Sj)  

 

For N1-------0.65 * 0 = 0 

 

For N2-------0.10 * 2000 = 200 

 

For N3-------0.25 * 4000 = 1000 

 

Possible 

Instances of 

States in Failures  

(Client 

Observation) 

Ni 

Estimated loss 

Possible Instances of 

States in Failures  

(Client Observation) 

Ni 

Resultant Credit Cost for  

S1,S2,S3 

S1 S2 S3 

N1 0 1300 2600 

N2 1000 200 400 

N3 5000 3000 1000 

 

Total Resultant Credit 

Cost for  S1,S2, and S3 

 

 

6000 

 

 

4500 

 

 

4000* 
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N1 0 

N2 200 

N3 1000 

                      EPPI = 1200 Estimated Loss(negative 

value) 

 

Now Expected Value of Perfect Information can be 

given by 

 

Expected Value of Perfect Information (EVPI) =  

Excepted Profit with Perfect Information EPPI – EMV 

* (loss value can be taken in terms of negative value) 

= -1200 – (- 4000) 

= -1200 + 4000 

= 2800 

 

Expected Value of Perfect Information EVPI = 2800 

 

Decision 

 

Decision Initiatives in risk state condition by Client 

towards CSP Failures 

By getting a handle on the above implemented 

frameworks and their executions we get optimal 

solutions to the client for this research problem.  We 

get EMV value as 4000 where the client needs to 

purchase this credits or spend INR to fulfil  his work 

flow raised due to CSP failures and new CSP 

migrations  

The EVPI task is associated the EPPI to process this, 

first we have to calculate the EPPI and Expected Loss.  

By basing above information we obtained 2800 credits 

or INR has to spend for full fill his work flow raised 

due to CSP failures and new CSP migrations. Finally 

we propose the client to realize this Decision Initiatives 

in risk state to enable favourable spending cost 

concerning with time for his computational needs in 

perspective of  SLA with in regard to CSP failures 

 

6. Conclusion 
 

We determined our research document with six 

segments.  The fundamental part gives an idea in 

regards to dynamic strategies in current day cloud 

computing environment, SLA Negotiations, EMV, and 

EVPI.  The second segment gives the information about 

the attributes involved in research problem related with 

our basic considering.  

The third and forth segments make a 

productive outline on efficient energy utilization and 

load balancing in cloud computing environment. 

Positive’s and Downsides are evidently communicated 

which conveys an investigation issue on SLA's 

incorporating with client and CSP failures.  

The fifth segment broadens our research 

problem with fundamental decision making techniques 

at risk state using the EMV and EVPI.  Finally we 

admit the client must be more skilled and capable in 

spending of money towards utilization of resources 

from CSP.   

We propose the above executed frameworks 

are important to the client in perspective of SLA 

towards CSP failures.   The last part Conclusion was 

joined with future work execution of this research work 

into the meta heuristic algorithmic techniques. 
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