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Abstract: Scheduling is a process of allocating available resources to the submitted requests. The main function 

of scheduling is to optimize the resource utilization and response time. Cloud is a new architecture, where a 

huge number of requests are submitted by various customers. Some of these requests need multi-tiers in 

federated cloud environment to perform effective execution. Since there are a huge number of requests, at times, 

the requests with the small scale will have to wait for a long time. In order to overcome such situation, a new 

scheduling algorithm is proposed based on the priorities to schedule the requests in a vertically scaled 

virtualized machine. This algorithm works based on the properties of requests such as depth of tier and memory 

size. The experimental results show that the performance of the proposed algorithm is better than the existing 

(FCFS) algorithm. 
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I. Introduction 

Cloud computing is an attempt to realize the vision of utility computing through the provisioning of virtualized 

hardware, software platforms and software applications as the services over the Internet. It has mainly three 

different service models known as Software as a Service (SaaS), Platform as a Service (PaaS), and Infrastructure 

as a Service (IaaS). The focus is on IaaS, which intends to provide and to manage the system in terms of 

processor (CPU), memory (RAM), storage (HDD), and network connectivity (N/W)[1]. Scaling the resources up 

and down is the special feature in cloud computing. Virtualization techniques [2] are used for scaling resources 

and web applications over the internet. They are used on a single system while executing the processes. The 

main contribution of the virtualization technique is virtual machines. An effective resource management [3] is 

an important factor for high scalability to increase the system utilization and to reduce the response time on 

customer requirement in average time limit. So, scheduling the requests and the resources is the challenge in 

Infrastructure as a Service (IaaS). 

Amazon’s Elastic Compute Cloud (EC2) is one of the most popular data center in cloud environment [4]. 

Amazon EC2 provides its customers to install virtual machines (VMs) on demand on Amazon’s infrastructure. 

They deploy services on pay for use policy like, computing, storage, and network resources. Though a good 

number of papers explain, the virtualization of web applications is in the multi-tier architecture level. Moreover, 

virtualization applications share the request in limited time period. Lots of applications are used in virtual 

systems like resource virtualization and resource provisioning management based on virtual machines [5], [6]. 

These works help to utilize and to improve the performance of virtual resources. 

A lot of scheduling models are used in a multi-tier application environment. The traditional Queuing model 

(FCFS) is one of the important models for virtualized multi-tier applications. The main aim of queuing model is 

to maximize the resource utilization with the minimum response time of the customer requirement. In any 

queuing model, scheduler is the main part of the queuing model [7]. The goal is to maximize the use of 

resources under a workload which fulfils different customer for the limits of average response time.  

 

II. Motivation 

Customer requests for Infrastructure as a Service are received by the infrastructure provider. To increase the 

ability of the service on demand of the customer, it has to increase the ability of the hardware to run 

applications. The application of virtual technique deals with the VM resource requests [8], and also it deals with 

the application for managing computing resource demands of the infrastructure customers. Allocation of 

resources should be lesser resource cost and must save resources by distributing workload to virtualized multi-

tier applications. Some dynamic provisioning models [9] are used in distributed workload requests to virtualized 

multi-tier applications in cloud data centers. 

Dynamic resource provisioning is based on hybrid model and VM based cloud data center. The customer 

requests are received in queuing method. So, all the workload requests stored in queue will be raised in 

execution period. Dynamic provisioning applications are scheduler and dispatcher. Jobs are allocated with the 

help of scheduler. But, in this queuing model, each task is executed one by one on the First-Come First-Serve 

(FCFS) basis. So, a large number of tasks will be waiting for a long period of time. This hampers the effective 

scheduling of the requests and allocating of the resources and that is the challenge today. Therefore, a new 
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improved scheduling algorithm is developed based on the priorities in queuing model for virtualized multi-tier 

application in cloud data center. The main aim of the proposed approach is to minimize the response time 

depending on the execution tier. To achieve this goal, sorting methodologies will be used as parameter for 

sorting the requests on priority base in the queue. 

 

III. Related  Works 

Rodrigo N. Calheiros et al. [6] proposed a model based on the behavior and performance of applications and 

cloud based IT resources to adaptively serve end-user requests. To improve the efficiency of the system, they 

used analytical performance (queuing network system model) and workload information to supply intelligent 

input about system requirements to an application provider with limited information about the physical 

infrastructure. Christian Tilgner et al. [10] presented a declarative rule based scheduler component. They 

proposed a scheduler component that can handle more than one request at a time and also it can handle data base 

query processing techniques that give high quality of scheduling. Arshdeep Bahga et al. [11] presented a design 

and implementation of a synthetic workload generator that accepts both the benchmark and workload model 

specifications. They proposed the Georgia Tech Cloud Workload Specification Language (GT-CWSL) that 

provides a structured way for specification of application workloads. 

Waheed Iqbal et al. [12] proposed a methodology for automatic detection and resolution of bottlenecks in a 

multi-tier web application. They also proposed a method for identifying and retracting over-provisioned 

resources in multi-tier cloud. Jing Bi et al. [7] presented a novel dynamic provisioning technique for a cluster 

based virtualization multi-tier applications. It used a hybrid queuing model to determine the number of virtual 

machines at each tier. They presented a cloud data center based on virtual machine to optimize the resource 

provisioning. Qi Zhang et al. [13] proposed a regression-based approximation model for a dynamic 

provisioning. They used the approximation data in an analytical model for network of queue. Bhuvan Urgaonkar 

et al. [14] proposed a novel dynamic provisioning technique for multi-tier Internet. They used queuing model to 

develop their technique. It determined the resource allocation to each tier of application and predictive and 

reactive methods to provision resources. Bhuvan Urgaonkar et al. [15] presented a model based on a network of 

queues which were represented in different tier applications. This model was amply to the behavior of tiers with 

significantly different performance characteristics and applications such as session-based workloads, tier 

replication, load imbalances across replicas, and catching at intermediate tiers. 

 

IV. Priority Based Scheduling Model 

In the existing First Come First Served (FCFS) queuing model, the requests are submitted in the Request Queue 

(RQ).A virtualized multi-tier application in cloud computing environment is deployed on multiple virtual 

machines (VMs), and each tier provides certain functionality to its preceding tier. Here, an online e-commerce 

application that consists of n number of tiers is considered and it is denoted by T1, T2, T3...Tn. It is assumed that 

there are parallel identical VMs in each tier of virtualized Multi-tier Application. A simple architecture of 

scheduler for multi-tier cloud is presented in the following Figure. 

 

Figure 1: Simple Architecture of a Multi-Tier Cloud 

 

Figure 1 shows a new architecture with the addition of MSDT for scheduler in a virtualized multi-tier 

application. As shown in the figure with the addition of Memory Size and Depth of Tier based (MSDT) 

scheduler, a novel architecture for queuing multi-tier cloud is developed. The Requests are listed in Request 

Queue (RQ), and it provides the request to MSDT. The functionality of the MSDT is that each request has got 
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some of its own properties in itself. That property is called a measurement which is used to identify the request 

among the number of requests. This property is needed to execute in some other data centers or web 

applications. The VMs for corresponding requests are searched in all the tiers starting from T1 to Tn. So, a small 

scale service request will have to wait for a long time if the VM is in the further tier. Therefore, the addition of 

MSDT simplifies the process of searching the corresponding VM based on the measures namely, Memory Size 

and Depth of Tier. 

Hence, each request has got some common measurement attributes like request Memory Size (MS), Depth of 

the Tier (DT), Session, etc. So, this proposed model focuses on maximizing the resource provisioning for 

different customers by reducing the execution time, storage time, IO, power in virtualized multi-tier. In existing 

queue model, the requests are collected in the queue for scheduling. The requests in the queue then will be 

scheduled in the First-Come First-Served (FCFS) queuing method [16]. While using this methodology, the 

request with minimal resource requirement will have to wait for a long time which increases the response time. 

For example, let us suppose that R0, R1, R2 requests are waiting in this QM. Each request has some properties 

like Depth-of Tiers, Memory Size and Request Session failure time rate. Let us consider that R0 is in 3
rd

 tier 

with 200 MB and its response time is 20 sec, R1 is in 2
nd

 tier with 500 MB and its response time is 15 sec, and 

R2 is in 1
st
 tier with 200 MB and its response time is 5 sec. Suppose, if these requests are executed in QM, R0 

request will be passed to 1
st
 tier, and 1

st
 tier will check the request parameters. If this request is to be executed in 

3
rd

 tier, it has to pass through 2
nd

 tier to 3
rd

 tier.  If this intermediate time or request time supposes 10 sec, and 

the request is communicated via 3
rd

 and 2
nd

 tier and finally reached 1
st
 tier, then, the total communication time of 

R0 is 20 sec. R1 request is also processed likewise which means the total communication time would be 10 sec. 

However, R3 request session failure time rate is 20 sec. So, R3 may be failed in this QM. 

In a federated cloud environment, the system is designed for fast execution of service requests in a limited 

period of time because, the service will be delivered based on pay per use and QoS is also an important factor 

for cloud systems. So, the MSDT model is designed for this QM, particularly an algorithm for a scheduler. This 

algorithm, will work based on requests’ basic measurements like Memory Size, Depth of Tier. This is a metric 

based algorithm to schedule the requests and to allocate the virtual machines effectively in cloud data centers. 

 

A. MSDT Framework Design 

The Memory Size and Depth of Tier (MSDT) design is added to the existing Queuing Model (QM) to enhance 

the scheduling effectively in a federated cloud environment. This model has various components like, MSDT 

Log Centre (MLC), Memory Size Log (MSL), Depth of Tier Log (DTL), sorted requests based on Depth of Tier 

(DOT SRT), sorted requests based on Memory Size (MS SRT). The submitted requests from the customers are 

processed in the proposed MSDT model and are scheduled through the existing FCFS queuing model. The 

overall basic architecture of the MSDT scheduling model is given below in Figure 2. 

 

Figure 2: Architectural Diagram of MSDT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 shows the overall architecture of MSDT and follows the processes in different phases that are in 

MSDT.  In the first phase, the requests are collected from different customers from different data centers. These 

requests are gathered in the Request Queue (RQ) list. In the second phase, the requests are sent to MSDT Log 
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Centre (MLC). Here, the requests are segregated based on the basic metric values, such as Depth-of Tier and 

Memory Size. In the third phase, MSDT Log center divides the requests and stores them in a separated Log 

Centre like, DTL and MSL. In the fourth phase, in Depth-of-Tier Log (DTL), each request is checked for the DT 

center log based on a minimum tier requirement for the faster execution in a multi-tier environment. So, DT Log 

requests are assigned and sorted out in ascending order and kept in DT sort. In the fifth phase, the requests that 

are stored in Memory Size (MS) Log are collected and sent as the unsorted requests to MS Sort. In the sixth 

phase, the requests of both MS log which is Memory Size based and DT Log which is Depth-of-Tier based are 

sorted in ascending order and are checked for the maximum memory requirement in DT Log request form and 

again, the requests are sorted based on the Memory Size and sent to the Final Sorted Request Queue (FSRQ) for 

scheduling the requests. Once the entire process of MSDT is complete, the FSRQ carries out the scheduling in 

the multitier cloud environment. This process of segregating and sorting out the requests according to the 

priorities based on the measures takes place in all the tiers in order to have the efficient way of scheduling.  

 

B. Scheduling Algorithm 

The steps involved in MSDT Algorithm are listed in algorithm. To prove the performance of proposed 

algorithm, some sample values have been taken and evaluation has been done. The results obtained are 

discussed in the next section. In the following algorithm let us assume that, n is the number of requests, and R 

represents i
th

 request. MCDOT (Ri) denotes the Metric Collector Depth-of-Tier. DOTLOG is denoted by the 

Depth of the tier Log. 

The requests are assigned in Step1. Step2 describes the requests Depth-of-Tier segregated from metric collector 

and stored in DOTLOG with i = 0, 1, 2… Step3 describes the request based on memory size which is stored in 

MSLOG with i = 0,1,2…n. SORTDOT (Ri, DOTLOG) function is used to sort the requests in the Depth-of-Tier 

list and that output will be sorted in SRQ (Sorted Request Queue). SORTMS (SRQ, MSLOG) is a function used 

to sort the memory size based on SRQ. The pseudo code for the algorithm is given below. 

----------------------------------------------------------------------------- 

MSDT Scheduling Algorithm 

----------------------------------------------------------------------------- 

//Parameters Declaration:- 

MCDOT – Metric Collector of Request Depth-of-Tier 

MCMS – Metric Collector of Request Memory Size 

DOTLOG – Depth-of-Tier Log Centre 

MSLOG – Memory Size of Log Centre 

SORTDOT – Sort of Request’ Depth-of-Tier 

SORTMS – Sort of Request’s Memory Size 

Ri – i
th

 Request 

FSRQ – Final Sort Request Queue 

1. Let n requests 

2. MCDOT (Ri) => DOTLOG µi = 0 to n 

3. MCMS (Ri) => MSLOG µi = 0 to n 

4. SORTDOT (Ri, DOTLOG) => SRQ µi = 0 to n 

5. SORTMS (SRQ, MSLOG) => FSRQ µi = 0 to n 

6. DISPATCH (FSRQ) 

-------------------------------------------------------------------------------------- 

V. Evaluation and Results 

The evaluation and experimental results of the efficiency of the automatic service request scheduling technique 

for optimizing the number of VMs in a multi-tier cloud environment is presented. The results show that under 

the fine-grained resource provisioning, the providers achieved revenues which can be maximized while the 

customers’ operational cost is reduced as much as possible. The following experiments show the validation of 

the model. 

A java tool has been developed to check the performance of the algorithm. Sample data randomly generated by 

the tool are taken as inputs in a data set. Let us assume that the number of resources (virtual machines) 

generated is 10 and the number of tiers generated is 5.The data set is compared to ten requests and five tiers in 

virtualized cloud environment. Each tier level has a number of virtual machines in a single tier system and each 

virtual machine has a specific shared memory from the physical machine. This experiment is compared with 

MSDT and traditional queuing model which works based on First-Come-First-Serve (FCFS). Table 1 describes 

the queuing model which is executed in multi-tier environment. This table represents the request that follows the 

allotment path and corresponding response time and Table 2 represents the MSDT based allocation of requests’ 

response time and following of the request path. 

 

 



A. Stanislas et al., International Journal of Emerging Technologies in Computational and Applied Sciences, 11(1), December 2014-February 

2015, pp. 43-48 

 

IJETCAS 15-123; © 2015, IJETCAS All Rights Reserved                                                                                                                      Page 47 

 

 

Table 1 Request Allotment of FCFS Queue Model 

 
Queuing Model Allotment 

Req. 

No. 

Allotment Path Req.Time 

(sec) 

Resp. 

Time (sec) 

0 [0-0, 1-0, 2-0, 3-0, 4-0] 0 2.876 

1 [0-1, 1-0, 2-1, 3-0, 4-1] 2.876 3.617 

2 [0-2, 1-0, 2-0, 3-0] 3.617 3.792 

3 [0-3, 1-0] 3.792 3.855 

4 [0-0, 1-0, 2-1, 3-0] 3-855 4.473 

5 [0-1, 1-0, 2-0, 3-0] 4.473 5.098 

6 [0-2] 3.792 5.925 

7 [0-3, 1-0, 2-1] 5.098 6.918 

8 [0-0, 1-0, 2-0, 3-0] 6.918 7.359 

9 [0-1, 1-0, 2-1, 3-0] 7.359 8.016 

Table 2 Request Allotment of MSDT 

 
MSDT Model Allotment 

Req. 

No. 

Allotment Path Req. Time 

(sec) 

Resp. Time 

(sec) 

6 [0-0] 0 0.586 

3 [0-1, 1-0] 0 0.063 

7 [0-3, 1-0, 2-0] 0.063 1.26 

2 [0-2, 1-0, 2-1, 3-0] 1.26 1.435 

8 [0-0, 1-0, 2-0, 3-0] 1.435 1.875 

4 [0-1, 1-0, 2-1, 3-0] 1.875 2.493 

5 [0-3, 1-0, 2-0, 3-0] 2.493 2.493 

9 [0-2, 1-0, 2-1, 3-0] 3.118 3.775 

1 [0-0, 1-0, 2-0, 3-0, 4-1] 3.775 4.516 

0 [0-1, 1-0, 2-1, 3-0, 4-2] 4.516 5.925 

 

After tracing through the path of each request for its VMs, they are sorted according to the measuring 

parameters. This sorted order describes the sorted tier number and sorted memory size based on each request 

metric properties. In MSDT, the requests are sorted among their metric properties such as Depth of Tier and 

Memory Size. Finalized requests are stored in FSRQ. The requests from the FSRQ are assigned to the scheduler. 

The scheduler watches the high priorities memory size in virtual resources that is sent to virtual machine based 

on high memory size. In this data set, 5 tier clouds have been taken.  

Table 3 gives the comparison of response time between MSDT and the existing Queuing Model (FCFS). As it is 

observed, the queuing model has 8.016 sec. maximum response times to travel in 5 tier clouds while the MSDT 

takes only 5.925 sec. as the maximum response time. So, this model gives the better performance in comparison 

with the existing model. 

  

Table 3 Comparison of Response Time of FCFS 

and MSDT for 10 Requests 

  

                                   

 

Figure 3 Comparisons of Two Models 

 

 

Figure 3 represents the comparison of two models namely; existing queuing model (FCFS) and MSDT based 

queuing model. The comparison of response time of QM and MSDT for 10 requests in a 5 tier cloud 

environment which is in the table 3 is presented in the graph. This graph describes that the MSDT based 

queuing model has the minimum response time in comparison with the FCFS QM. From the observation of the 

Table 3 and its corresponding graph, the highest response time of FCFS queuing model is 8.016, whereas,  

MSDT queuing model ‘s highest response time is 5.925. So, it is evident that MSDT has a better performance. 

 

VI. Conclusion 

From the study of literature, it is understood that resource provisioning of virtualized multi-tier applications 

raises new challenges which were not addressed by the previous work for scheduler technique in cloud 

environment. So, scheduler architecture for virtual machine in cloud data center is presented. A novel priority 

based scheduling model with an algorithm is proposed which is used to prioritize the requests based on the 

metrics namely, memory size and depth of tier. This queuing model enhances the scheduler to locate the 

resources or virtual machines exactly in the specified tier. This process of MSDT reduces the waiting time and 

response time of the request for a virtualized multi-tier application in the cloud data center. A comparison 

between the existing model (FCFS) and MSDT is made and the verified results show that the proposed queuing 

model works with minimum response time and waiting time in comparison with the existing model. Hence, the 

efficiency and flexibility for resource provisioning were improved in cloud environment. We compared and 

Req. 

No 

Existing Queuing 

Model FCFS 

MSDT 

0 2.876 0.586 

1 3.617 0.063 

2 3.792 1.260 

3 3.855 1.435 

4 4.473 1.875 

5 5.098 2.493 

6 5.925 2.493 

7 6.918 3.775 

8 7.359 4.516 

9 8.016 5.925 
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showed the distinction of the performance of multi-tier virtualized applications through experiments. Results 

have shown that under fine-grained resources provisioning, computing resource utilization is optimized.  
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