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 ABSTRACT 

Server Virtualization plays a vital role to reduce 

hardware cost, as well as it enhances scalability and 

availability of resources, this technology become the 

foundation for cloud computing. Server virtualization,  

implemented by sharing available resources efficiently, 

hence resource sharing strategies plays a crucial role 

in performance management in Virtualization. In This 

paper, we have concentrated on processor sharing 

policy applied in open source Xen virtualization that is 

CPU (Central Processing Unit) scheduling algorithms.  

CPU shared among multiple Virtual machines with the 

help of Scheduler implemented in it. We have analyzed 

Xen’s CPU scheduling algorithm and its performance, 

and we have suggested optimization in this algorithm 

in the form of reduction of waiting time and 

turnaround time.  

Our findings are, based upon existing credit scheduler 

of Xen 3.0 (and onward). We have verified our results 

through demonstrative examples that are representing 

existing algorithm and its enhancement. To measure 

waiting time and turnaround time of VCPU. We 

implemented algorithms in Java, finally it proves that 

waiting time of VMs while allocating PCPUs to 

VCPUs can be reduced;  

Keywords: Virtualization, Credit Scheduler, VMM, 

VM, PCPU, VCPU Waiting Time, Turnaround Time. 

I. INTRODUCTION 

Virtual Machine Monitor is a layer of abstraction 

between hardware resources and applications 

running on it. It is also called as Hypervisor [1]. 

Hardware resources like Memory, CPU, Disk and 

N/W, shared among all virtual machines. 

Applications running on different platform 

utilizes, existing hardware efficiently. 

Virtualization helps to reduce hardware cost [4]. 

In addition to this, advantages like live migration, 

disaster Recovery; high availability are offered by 

Virtualization Technology for Data Centers in IT 

industry [1]. Though virtualization provides many  

 

 

 

 

 

 

 

facilities, it is necessary to supervise its impact on 

sytem performance in virtual environment. 

As system performance relates to CPU 

scheduling. This paper concentrates on CPU 

scheduling strategy used in Open Source Xen 

virtualization technologies; the paper has 

organized in six different sections; the third 

section is an introduction to virtualization.  

Section four is an overview of CPU scheduling in 

Xen. Section five about Xen’s credit scheduler 

and possible enhancement, section six is a 

conclusion and future work. 

 
II. CPU SCHEDULING IN XEN 

PARAVIRTUALIZATION 

 

Fair Allocation of Resources plays a crucial role 

in performance optimization in a virtual 

environment [5]. It is a core task of the hypervisor 

to make available, resources as per their demands 

to Virtual Machines running in the virtual 

environment.Xen hypervisor mainly shares 

hardware components like Memory, Processor, 

and Input-Output Devices. These components are 

made available in a virtual form to the Virtual 

machine by the Hypervisor hence it is termed as 

Memory Virtualization, CPU Virtualization, and 

I/O Virtualization [4]. The aim of this paper is to 

find overheads introduced due to CPU and Disk 

IO Virtualization; we focus on CPU Virtualization 

its design architecture and resource sharing 

policies used in para-virtualization technology 

like open source Xen. 

 

2.1 CPU Virtualization 

Xen virtualizes a guest operating system running 

in a domU (domainU), when domU attempts to 

execute a privileged instruction; it is trapped and 

failed by the hypervisor. Dom0 is privileged 

Domain allows to create and boot other domains. 

This Domain acts as an interface to provide high-

level control operations such as CPU scheduling 

[7]. To achieve optimum performance, scheduling 

scheme must be efficient and should not waste 

any processing Cycle. Such plans are, called as 
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work-conserving, they do not allow the CPU to be 

unused [6]. Xen Hypervisor is responsible for 

managing the scheduling of guest domain 

instruction execution with the physical CPUs 

available in the underlying hardware platform [7]. 

 

2.1.1 CPU Scheduling in Xen  

Xen can use a variety of scheduling algorithms, 

ranging from the simple to the Complex. An 

efficient virtual machine scheduling algorithms 

are necessary to increase throughput and decrease 

response time. Xen has a variety of CPU 

schedulers in the past; Xen developers went 

through various algorithms, but three algorithms 

like BVT(Borrowed Virtual Time), SEDF(Simple 

Earliest Deadline First), and Credit scheduler  

utilized for a longer time due to their 

efficiency.[5] 

The credit scheduler is a fair share scheduler 

designed to share CPU time between domains by 

relative weight. It works in conjunction with SMP 

hardware to distribute load amongst multiple 

virtual CPUs. [17] It has shown considerable 

enhancement over other two schedulers hence 

Credit Scheduler is the default scheduler in Xen 

3.0 onwards while BVT and SEDF are out of 

phase and removed hence we concentrate on 

credit scheduler and its functioning. [18] 

 

2.1.2 Credit Scheduler in Xen 

The credit scheduler is a fair share scheduler 

designed to divide CPU time between domains by 

relative weight. It works in conjunction with SMP 

hardware to distribute load amongst multiple 

virtual CPUs abstractions, or VCPUs.  While 

using the credit scheduler, each physical CPU 

manages a queue of VCPUs which sorted by 

priority [4]. Priority calculated with the number of 

credits consumed by a given VCPU.  The 

administrator defines credits.  A VCPU can 

execute while it is under its limit.  When all 

credits have been consumed, it is considered over 
its limit.  When credits are balanced, it is under 

the limit. [5] 

On multi-processor systems, a CPU does not 

restrict to its queue processor. If a CPU’s queue is 

empty, before going idle, it will check the queues 

of the other CPU’s and look for VCPU’s that are 

waiting to run.  This way, all domains are given a 

fair amount of processor time. Hence it is called 

the fair share scheduler. [6] 

Figure 1: CPU Scheduling Architecture of Xen 

[4]. 

 

2.2 Credit scheduler Variables, Algorithm and 

Demo Example 

  

2.2.1 Variables 

Credit scheduler is a non-preemptive fair share 

scheduler. It is the default scheduler in Xen. This 

scheduling algorithm sets two parameters (weight, 

cap) for each Guest OS.[2] 

a) Weight: Each VM uses CPU with the ratio of 

weight values.  

E.g.: A guest OS with weight equal to 512 means 

it is time to take up physical CPU is twice than 

guest OS with weight equal to 256.Weight values 

assigned from a range between 1 and 65535[1]. 

b) Capacity [Cap]:  
Cap is a limit that how much maximum time a 

guest OS can get CPU. 

A guest OS with cap equal to 100 means it 

occupies a physical CPU time,  

A guest OS with a cap equal to 50 takes only half 

that time. The Default value of cap is 0 which 

means there is no limit [1] 

 

2.2.2 Virtual Central Processing Unit (VCPU) 

VCPU is nothing but the share of physical CPU 

(PCPU) provided to guest OS or domain (VM). 

[2] 

 VCPU always having two states [5] 

over(credit<0) and under(credit>0) 

   The idea behind the Credit-Based CPU 

scheduling algorithm is to pick the job from 

the head of which in “under” state and that 

needs to be done, get it out of the way first, 

and then pick the next job(which is in “under” 
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state) to do next. These jobs will be getting 

picked up by  FIFO manner[4]. 

 ( Technically, this algorithm chooses a 

process based on the next job which in 

under state) 

 Each process has provided execution time 

30 ms by default in Xen configuration  

2.2.3 Time Slice: In Original Algorithm has a 

fixed time slice of 30 milliseconds. The Period is 

ten milliseconds 

Credit scheduler has inherited from 

operating systems.It is a combination of FCFS, 

Priory, and Round Robin Scheduling Algorithms.  

2.2.4 Tuning the Hypervisor Scheduler 

In Xen guests are assigned VCPU. The VCPU 

scheduler in the Xen hypervisor decides which 

VCPU from which guest will run on which real 

PCPU for how long. The default weight is 256 

and capacity is 0[1]. Weight and cap can be 

modified to enhance the performance of the 

domain this feature is called VCPU pinning. [2] 

2.3 Algorithm 

A VCPU having two priorities over or under 

Over: Represents that VCPU exceeds its Fair 

share of CPU 

Under: Represents that VCPU has not exceeded 

its fair share of CPU 

Step1: Sort local run queue of each CPU 

Step2: Allocate CPU to VCPU from queue at 

every scheduling decision 

  1. VCPU blocks 

  2. Yields 

  3. Completes its time slice 

  4. VCPU awaken 

Step3: VCPU on top of the queue is picked off for 

scheduling 

Step4: As VCPU runs, it consumes credits 

A system-wide accounting thread recounts how 

many credits each active VCPU has earned and 

bumped Credits 

Step5: If the CPU does not find a VCPU of 

priority under on its local run queue, it will look 

on other CPUs for the same this is load balancing 

done automatically. 

2.3.1 Demo Example of Credit Scheduling 

Algorithm 

a. Assumptions:  

1. Initially, weight is the credit value assigned to 

VCPU [1] 

2. The administrator sets Weight and Capacity 

when New Virtual Machine is created; these 

values accepted from the user in this program. [2] 

3. Accounting thread is a background process 

which is not part of the scheduling decision. 

4. Load balancing is complete automatic process 

global load balancing done automatically. 

5. We are focusing on waiting time spent by 

VCPU in the queue when all queues of all CPU 

are considered full.   

 

b. Limitations: 

 It is a demonstration of Algorithm 

described in standard 

references[4][5][6][7] 

 Accounting of credits and time slice are 

system processes not implemented here. 

 Concentrates only run queue of VCPUs  

 Other priorities like BOOST, IDLE are 

not considered at this moment. 

 Not found default credits to VCPUs 

 It is considered as all queues are balanced 

and full which is a rare situation in 

practical. 

c. Example to Demonstrate Waiting Time: 

VCPUs Weight/Credit 

 

VCPU1 300 

VCPU2 400 

VCPU3 500 

VCPU4 100 

 

Step 1: 

VCPU1 VCP2 VCP3 VCP4 

0        30ms           30ms          30ms   10ms 

 

Actual credit 300 400 500 100 

Remaining 

Credit 

0 100 200 0 

 

Step 2: 

VCPU2 VCPU3 

10ms            20ms 
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Actual credit 100 200 

Remaining credit 0 0 

 

VCPUs Waiting Time 

 

VCPU1 0 

VCPU2 70 

VCPU3 70 

VCPU4 90 

 

 

Average Waiting Time= 230/4= 57.5ms 

 

III. ENHANCEMENT IN CREDIT 

SCHEDULER (SMALLEST CREDIT FIRST 

SCHEDULING ALGORITHM) 

Credit Scheduler sorts run queue, with Priority 

and FIFO (First In First Out) method. In Credit 

Scheduler, VCPU with less credits has to wait for 

a long time. This technique increases waiting time 

of VCPU in the queue so that turnaround time 

(waiting time + processing time) of VCPUs also 

increases. This scheduling method affects overall 

performance of the system. Considering above 

facts, we concentrated on waiting time and 

enhanced Credit Scheduling algorithm, and named 

as Shortest Credit First Credit Scheduler (SCF). 

SCF focuses on priorities and credits of VCPUs in 

the queue. It sorts the queue on credits of VCPU, 

of equal priorities. CPU (or Physical CPU) 

allocated to VCPU having minimum credit; CPU 

assigned for 30 ms (fixed time slice) for every 

VCPU. The period for each VCPU is 10 ms, 

credits for each VCPU  recalculated after 10 ms. 

Credits are reduced by 100 after allocation of 

CPU to VCPU  after 10 ms and bumped new 

credits if VCPU still having credits CPU is 

allocated for next 10 ms till 30 ms time slice. 

After completion of the time slice, if VCPU has 

still credits remaining its priority is under then it 

is transferred, at the end of the queue having equal 

priority. Continuing all above facts (Section 5) as 

it is, enhanced algorithm described in section 5.2. 

 

3.1 Example to Demonstrate Waiting Time:  

VCPUs Weight/Credit 

 

VCPU1 300 

VCPU2 400 

VCPU3 500 

VCPU4 100 

Step 1: 

VCPU4 VCPU1 VCPU2 VCPU3 

0          10ms        30ms       30ms     30ms 

 

Actual credit 100 300 400 500 

Remaining 

credit 

0 0 100 200 

 

Step 2: 

VCPU2 VCPU3 

0              10ms          20ms 

 

Actual credit 100 200 

Remaining 

credit 

0 0 

 

VCPUs Waiting Time 

 

VCPU1 10 

VCPU2 70 

VCPU3 80 

VCPU4 0 

 

Average Waiting Time=160/4=40 

 

3.2 Comparison between credit scheduler and 

enhanced credit scheduler. 

 We have implemented both algorithms in Java 

and found following outputs 

 
 

Fig.2 a): Output of implementation of credit 

scheduler [11][10] 

Average Waiting Time: 92ms 

Average Turnaround Time: 127ms 
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Fig.2 b): Output of implementation of the 

enhanced credit scheduler (SCF) [11][10] 

Average Waiting Time: 48ms 

Average Turnaround Time: 82ms 

 

3.3 Graphical Representation of enhancement 

 

 

 
Figure 3: Enhancement in the form of reduced 

waiting Time and Turnaround Time. 

 

 

IV. CONCLUSION 

Concerning Xen architecture and studies and 

demonstration of the CPU scheduling strategy in 

Para-Virtualized Xen we reached to conclusion 

that there are certain overheads in system 

performance generated as mentioned below: 

1. In the Virtual environment, there is two 

level scheduling occurs for CPU; 

Hypervisor schedules one, and VM 

schedules other. As there are multiple 

operating systems existing with virtual 

machines., in a virtual environment, 

Scheduling in VM is different for every 

VM while Hypervisor’s scheduling is 

standard for all VMs. Schedulers inside 

OS are standard and highly optimized 

while scheduler inside Hypervisor having 

scope for enhancement. 

 

2. Credit Scheduler schedules CPU based on 

Priority and FCFS basis, which increases 

overall waiting time and switching time 

and turnaround time which  affects the 

overall throughput of the system 

 

3. If credit scheduler schedules CPU based 

on Priority and Remaining Credits reduce 

waiting time and switching time and 

turnaround time, which could increase 

overall performance of the system  

 

4. Domain0 is the privileged domain 

responsible for the administration of 

virtual machines and I/O handling for 

virtual machines. Thus, it plays a double 

role. It impacts the overall performance of 

the system. The Administrator has to tune 

sufficient memory and CPU for 

Dommain0, by wisely studying the nature 

of workload to maintain optimum 

performance [7]. 

 

4.1 Future Work 

Shortest Credit First Algorithm being 

demonstrated here if implemented in the source 

code will present real benefits of the 

enhancement. Testing of the enhanced algorithm 

with multiple domains having diverse workloads 

is future work for further studies. 
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