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Abstract- Live migration of virtual machines is an important 
component of the emerging cloud computing environments. 
Migrating operating system instances across distinct physical 
hosts is a useful tool for administrators of data centres and 
clusters. Hence, a key issue in live migration is the total 
migration time and the downtime. To improve the performance 
of live migration, an optimized iterative pre-copy algorithm is 
used to reduce the dirty rate of VM. WSClock page 
replacement algorithm has been proposed along with 
traditional pre-copy approach that includes pre-processing 
phase for reducing the amount of transferred memory page and 
total migration time. 
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I. INTRODUCTION 

Cloud is a computing model that delivers web-based software 
and computing resources on demand and subscription-based 
service. It allows the users to use applications without 
installing software and access their files at any computer with 
internet access. This technology enables efficient computing by 
centralizing data storage, processing and bandwidth and the 
user can access information from anywhere at any time. Cloud 
Computing offers services at a reasonable cost, and leave the 
maintenance and cost of ownership to the cloud providers. 
Major benefit of cloud is sharing documents between users 
from anywhere and offers on-demand scaling of resources, 
such as acquiring unlimited storage capacity. One way to 
reduce power consumption in a data center is to apply 
virtualization technology. This technology allows 
consolidating several servers to one physical node as Virtual 
Machines (VMs) to reducing the amount of the hardware in 
use.Virtualization is the enabling technology, which abstract 
the resources such as CPU and memory through generating 
virtual machines and hides the complexity of underlying 
hardware or software. It allows separation of a resource or 
request for a service from the underlying physical machine. It 
makes single physical resource (such as server, OS application 
or storage device) to appear as multiple logical resources and 
multiple physical resources (such as storage devices or servers) 
to appear as a single logical resource. 

1.1 Virtualization 

Virtualization is a technology for cloud computing 
environments. It allows partitioning one physical machine into 

multiple virtual machines that runs concurrently and also 
shares the same physical resources. Virtual Machines (VM) 
can be provisioned on-demand, replicated and migrated. It has 
the ability to migrating virtual machine from one physical 
machine to another machine for the purpose of load balancing 
and also to make the physical machine fault tolerant. Virtual 
Machine consolidations can be used to reduce power 
consumption of cloud data centers. For instance, through server 
consolidation, multiple (virtual) servers can be allowed to run 
simultaneously on a single physical server. 

1.2 Live migration  

Live migration decouples the applications executing within the 
VM from the hardware on which they execute. Live virtual 
machine migration is one of the key enabling technologies for 
fault tolerance and load balancing. Operating system and 
running tasks are moved from one physical machine to another 
without halting. Virtual machines can be provisioned on-
demand, replicated and migrated. As VM is running a live 
service it is important that the transfer balances the 
requirements of minimizing both downtime and total migration 
time.  Live migration can also be used for load balancing, in 
which work is shared among computers in order to optimize 
the utilization of available CPU resources.Live Migration 
allows dynamic load balancing of virtualized resource pools 
and hardware maintenance without any downtime. This 
migration must be transparent to the guest operating system 
and the applications running on the virtual machine, and 
remote clients of the VM. The migration process consists of 
transferring the memory image from the source host to the 
destination host. It is the process of migrating virtual machine 
to other physical machine by copying the memory pages from 
source to destination machine and it can be done in iterative 
manner. Further, migration can be divided into live and 
suspend migration.  In live migration, VM and its applications 
will be running during migration. In suspend migration, the 
VM is suspended and then migrated. 

 
Fig. 1. Live Migrations of VMs 
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The parameter that affect the performance of live migration 
are: total migration time (the time taken from the start of the 
first VM’s migration at the source to the end of the last VM’s 
migration at the destination), downtime (the time period during 
VM’s CPU execution is fully suspended during live 
migration). During downtime, the VM’s CPU execution state 
and its pages in the Working set is transferred to the target 
host. 

Major contribution of this paper can be characterized as 
follows: 
 We proposed mechanism WSClock replacement 

algorithm for migrating virtual machines to reduce the 
downtime and total migration time. 

 Analyzing the parameter that affects the performance of 
live migration. 

 Implement this prototype on Live Xen hypervisor. 

The rest of the report is organized as follows: In chapter 2, 
related works are reviewed. Chapter 3 describes the problem of 
Iterative pre copy approach. Chapter 4 describes the proposed 
method to overcome the problem of existing method. Chapter 5 
concludes the report.  

II. RELATED WORK 

Live migration is a powerful tool for cluster administrators, 
which allows separation of hardware and software 
considerations and consolidation of clustered hardware into a 
single management domain. If a physical machine needs to be 
removed from the service or a data center, an administrator 
may migrate OS instances including the applications that they 
are running to alternative machine, freeing the original 
machine for maintenance (load balancing and fault 
tolerance).Nelson et al [3] proposed fast transparent migration 
to improve the system utilization by load balancing across 
physical machines and improve system serviceability and 
availability by moving applications. While migrating virtual 
machines, the states of networking, storage devices and 
physical memory are also migrated.Clark et al [1] 
characterized the parameters that affect migration time. In 
iterative pre copy approach, pages to be transferred during 
round n are modified during round n-1. The main drawback is 
the wasted overhead of transferring memory pages that are 
subsequently modified and it must be transferred again.  In first 
pre-copy round they transfer pages using a minimum 
bandwidth value. For the subsequent rounds,  the number of 
pages dirtied in the previous round are counted and the count is 
divided by the duration of the previous round to calculate the 
dirtying rate. The bandwidth limit for the next round can be 
calculated by adding a constant increment to the previous 
round.Sleator et al [6] uses Splay tree, which is a self-adjusting 
binary search tree with the additional property that recently 
accessed elements are quick to access again. It uses heuristic 
restructuring called splaying to move a specified node to the 
root of the tree via sequence of rotations along the path from 
that node to the root. Specified node are always moved to the 
top of the root. It performs various operations like Zig, Zig-zig, 
Zig-Zag. 

Zaw et al [9] present a working set prediction algorithm which 
uses LRU and Splay Tree Algorithm to improve the VM live 

migration. This algorithm predicts the most recently used 
memory pages that affects the total migration time. Live 
Migration process consists of transferring OS instances 
including the applications that they are running in the primary 
host to alternative VMs and freeing the original VM for 
maintenance. Michael et al [2] proposed an post-copy approach 
which transmits all processor states to the target, starts the VM 
at the target, and then actively pushes the VM’s memory pages 
from source to target. It ensures that each memory page is 
transferred at most once, thus avoiding the duplicate 
transmission overhead of pre-copy.Sapuntzakis et al [10] 
proposed a technique called Hash based compression. Before 
transferring the memory data, hash of memory page is sent to 
the destination. If same page exist on the destination node, 
there is no need to copy the page. It decrease transfer time by 
sending a hash of data blocks instead of the data. If the receiver 
can find data on local storage that hashes to the same value, it 
copies the data from local storage. Otherwise, the receiver 
requests the data from the server.Waldspurger et al [6] 
proposed a technique called Memory balloon, which eliminates 
unused memory for reducing the number of pages transferred 
and it saves the time for first pre-copy round. Ballooning 
reduces the size of the compressed memory state and the start-
up time of capsules. This technique works only if the memory 
has too many freed pages, whose contents are not 
compressible. Discarding pages holding cached data, dirty 
buffers and active data, however, may have a negative effect. If 
these pages are immediately used, that will be fetched on 
demand over the network. Inflating the balloon increases 
memory pressure, that forces the guest OS to invoke its own 
memory management algorithms. The guest OS may page out 
to its virtual disk when memory is insufficient. 

III. PRE-COPY MIGRATION 

Haijin et al [5] proposed a pre-copy approach to optimize the 
live migration of virtual machine to reduce the rate of dirty 
memory generation. While migrating VM from source to 
destination dirty bits are generated due to memory bits are 
changed during send or copy phase. When VM writes memory 
too fast, the process running in the VCPU will be slowed 
down. This can be done by adjusting VCPU; CPU is allocated 
to the VM during live migration to control the memory writing 
speed. VMM assigns separate weight for each VM 
representing the proportion of CPU share. CPU is allocated to 
a VM based on the weight higher that of the other VMs. The 
scheduler will allocate more CPU time to the one with higher 
weight. VM’s execution speed could be controlled by adjusting 
its weight.One optimization method used here is optimized 
iterative pre-copy algorithm which improves the live migration 
efficiency that can be implemented by dynamically adjusting 
CPU and memory resources in the source machine. For 
example allocate more CPU resource to the virtual machine to 
be migrated. The basic idea of iterative pre-copy algorithm is, 
by transferring dirty data repeatedly, changed memory could 
be decreased round by round. It can be done in iterative 
manner. In first iteration, all memory pages transferred from 
source to destination. Subsequent iterations copied only the 
pages that are dirtied in previous round.The time for 
transferring memory in round ‘i’ is calculated using the 
formula 
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where t is the time of transferring memory, p is the dirty rate of 
round, M is the total memory of the VM, and B is the network 
bandwidth assigned to the migration. 

3.1 Phases in pre-copy  

 Pre-copy migration consists of the following phases: 
1. Initialisation: A target is pre-selected where the resource 
required to receive migration. 
2. Reservation: Resources at the destination host are reserved 
for future migration. 
3. Iterative pre-copy: The entire RAM is sent in the first 
iteration. In subsequent iteration copy only the pages that are 
modified during the previous iteration. 
4. Stop-and-copy: Halting the original VM, copying all pages 
from source to destination and then new VM is started. 
5. Commitment: The destination host indicates that it has 
received successfully a consistent copy of the VM. Then 
source discards the original VM and destination host becomes 
the primary host. 
6. Activation: Destination host is activated and resources are 
re-attached to the VM on the destination. 
 
3.2 Iterative pre-copy algorithm 

 
Iterative pre-copy algorithm limits the rate of dirty memory of 
VM and improves the performance of live migration. It occurs 
in many rounds, pages to be transferred during round n are 
modified during round n-1. This algorithm consists of 
following steps: 
 Memory files to be transferred M is initialized to VM 
 Number of round R is initialized to 1 
 Copy the VM dirtied memory, if a page reaches the 

threshold or last round 
 Perform traditional pre-copy that save the changed 

memory and count the transferring time  
 Transfer the speed for last round and moves the content of 

Temp M to total memory M 
 Dirty rate P, of current round is calculated 
 CPU time is allocated for the VM  
 New execution percentage E is calculated based on the 

dirty rate P 
 Constant 1 is added to the each round 
 Pause the VM and remaining memory is send via stop and 

copy method 
 Then resume VM on the destination host  

 
IV. METHODOLOGY 

In pre-copy based live migration, system first transfers the 
memory page including CPU state to the target VM and then 
transfers the pages that are modified during the previous round. 
In proposed system, working set is added along with the 
traditional pre-copy is to reduce the total migration time. The 
proposed algorithm consists of pre-processing phase, push 
phase and stop and copy phase as shown in Fig. 2 
 

1. Pre-processing Phase 
The system applies the proposed writable working set 
algorithm as the pre-processing phase. This algorithm predicts 
the working set, which consists of frequently updated set of 
pages. 

2. Push Phase 
The system transfers memory pages that are not frequently 
updated in source VM and then memory pages modified during 
the previous iteration are transferred to the destination. 

3. Stop and Copy Phase 
This phase consists of three steps. 
  The system suspends the source VM for a final transfer 

round. 
 The system discards the source VM and then transfers last 

modified pages and CPU state. 
  The system activates the Target VM. 

3.3  WSClock Page Replacement Algorithm 
 
WSClock combines the best features of Clock algorithm and 
the information in working set that prevents thrashing. 
Working set list collects the most recently used memory pages 
that directly affects the total migration time. It collects the 
memory page which is at the top of the LRU cache and its 
splay tree. Initially WSClock list is empty. When the first page 
is loaded, it is added to the list. As more number of pages 
added, they enter into the list to form a ring. 

 

 
 
Fig.2 Flowchart for working set replacement algorithm 
 
Each entry contains the ‘Time of last use’ field from the basic 
working set algorithm, as well as the R bit and the M bit. Here 
the hand position just keeps moving and looking for a clean 
page. Since one or more writes have been scheduled, 
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eventually some write will complete and its page will be 
marked as clean. The first clean page encountered is evicted. 
This page is not necessarily the first write scheduled because 
the disk driver may reorder writes in order to optimize disk 
performance. If no clean pages exist, then the current page is 
chosen and written back to disk 

 
4.2 Algorithm for wsclock page replacement 

  
All pages are kept in the circular list. If a new page is added to 
the list, it enters into the ring. The clock hand advances around 
the ring and each entry contains the time of last use. 
INPUT: memory pages 
OUTPUT: Working set 
 If the reference bit is equal to 1, then the page is in use and 

there is no need to remove page from the memory 
 Otherwise, clear the reference bit and update the time of 

last use field 
 If the reference bit is equal to 0, and age of the page is less 

than T 
 Then the page is in the working set and advance the hand 
 Else the age of page is greater than T 
 Then clean the page 
 If  the page is dirty, then write the page and advance the 

hand position  
 

V. EXPERIMENTAL SETUP 

We evaluate the performance of live migration using WSClock 
page replacement algorithm and performance is compared with 
traditional pre-copy based migration algorithm with the help of 
Xen. Xen is a built-in migration tool for cloud computing 
environment and it is a type of Para virtualization. Xen is a 
virtual machine monitor, also called as hypervisor for IA-32 
(x86, x86-64), IA-64 architectures. It allows several guest 
operating systems to be executed on the same computer 
hardware concurrently. Here, four guest OS is running on the 
xen hypervisor which contains information about name of the 
guest OS, domain ID, memory usage, number of VCPUs, state 
of the machine and CPU time is shown in the Figure3. 

 

Each guest OS manages its own applications. This 
management includes the responsibility of scheduling each 
application within the time allotted to the VM by Xen. The first 
domain; Domain 0 is created automatically when the system 
boots and it has special management privileges. Domain 0 
builds other domains and manages their virtual devices. It also 
performs administrative tasks such as suspending, resuming 
and migrating other virtual machines. The CPU usage and 
memory usage of the Guest operating system, that runs on the 
Xen hypervisor as shown in the Figure 4. 

 

 
Fig.4.CPU and memory usage of the guest operating 

system. 

5.1 Parameters for evaluation 

To evaluate the performance of live migration both the total 
migration time and downtime are calculated. 
Total migration time  
Total migration time is defined as the sum of the time spent on 
all six migration stages from initialization at the source host to 
activation at the destination. 
Total migration time = Initialization + Reservation + Iterative 
pre-copy + Stop and Copy + Commitment + Activation 
                (1) 
Downtime     
Downtime can be defined as the sum of final three stages in the 
migration process. 
Downtime = Stop and Copy + Commitment + Activation 
                 (2)  

VI. CONCLUSION 

Live migration of virtual machines is an efficient technology 
which is used to implement fault tolerance, energy saving and 
load balancing in virtualized cloud computing data center. 
Iterative pre copy mechanism is used to control the VM 
memory writing speed and reduce the rate of dirty memory 
generation by copying memory pages from source to 
destination. In proposed system, along with traditional pre-
copy approach, WSClock page replacement algorithm is used 
to reduce the total migration time in live migration of virtual 
machines with the help of Xen hypervisor. 
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