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What is Application Virtualization? 
Over the last decade, Application Virtualization technology has emerged as one of the most prominent 

and useful virtualization techniques. In previous years, software application deployment was handled 

through traditional client-server management tactics. 

Using these approaches, software applications were housed on file servers, and IT administrators used to 

install these applications manually on target machines. With the introduction of Group Policies 

and Active Directory (AD), software deployment on desired systems became a much more 

sophisticated and feasible process. 

However, application manageability and compatibility issues remained major concerns to deal with. Thus, 

application virtualization was introduced as the ultimate solution to prevent all these problems. With this 

technology, a software application runs on the end user’s system similar to a locally installed application. 

However, the app uses a sandbox environment in the background which removes the need to install the 

application to the local OS. 

We will cover an in-depth overview of application virtualization and the benefits that it can bring to your 

organization. So, let’s get started already! 

How does it work? 
Application virtualization refers to a software technology that lets its consumers use an application from a 

different device than the one on which it is actually installed. Using this technology, the application 

interacts and functions in the same manner as if it were natively installed on the user’s machine. This 

ensures a seamless experience for the end-user. The user can perform any action on the application 

without the need to install it on the native device. 

Usually, the IT administrator deploys remote applications on a central server in the organization’s data 

rams to a user’s desktop or other connected devices. The user may now access and use the 

programcenter. Application virtualization software is then used to distribute the prog as if it were 

installed locally on their system. The user’s actions are then sent to the server for execution. 

https://v2cloud.com/glossary/what-is-active-directory
https://v2cloud.com/solutions/application-virtualization-software
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How Does Application Virtualization Differ 
From Server And Desktop Virtualization? 
In desktop virtualization, desktops and operating systems are virtualized and deployed to local or 

distant clients. In this way, users can operate their desktop systems from any gadget. Whereas, in 

application virtualization, apps are encapsulated from the operating system. 

App virtualization allows users to operate a virtualized application from literally anywhere. On the other 

hand, desktop virtualization provides the feasibility of utilizing virtualized operating systems and desktops 

from any machine. 

With this technology, applications are completely isolated from the underlying operating system. With 

desktop virtualization, this abstraction layer is missing as apps are still bundled to the underlying OS. 

Server virtualization is the process of subdividing a single physical server into several virtual servers in 

order to maximize the organization’s resources. This technique boosts the server’s utilization and 

facilitates an efficient disaster recovery mechanism. By virtually storing servers, the costs involved in 

setting up separate physical servers and their maintenance are ultimately reduced. 

All three types of virtualizations described above operate with the goal of providing easier access to end-

users via different means while reducing extra costs, thereby offering greater flexibility and minimized 

budgets for the organization. 

Use Cases for Application Virtualization: 
Here is a list of a few use cases where app virtualization can be employed: 

1) Limitаtiоn оf exрenditure: 

https://v2cloud.com/solutions/desktop-virtualization
https://v2cloud.com/solutions/server-virtualization-software
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If you have a massive end-user base where the count of your end-users seems to be relentlessly 

growing, purchasing and managing separate expensive machines for every single user will undoubtedly 

drain your budget. 

In such cases, virtualization will definitely come in handy since it possesses the capability to deliver all the 

essential applications to any target device. 

2) Remote-safe approach: 

Application Virtualization facilitates safe and secure remote access to critical applications from any end 

device. With remote work culture emerging as an increasingly effective work model globally, the majority 

of organizations have adapted themselves to transition into a remote work-from-home routine. 

In such remote working scenarios, this state-of-the-art technology fits as the best approach since it 

provides both security and ease of access. 

3) Implementation of in-house applications: 

Another common scenario where virtualization can certainly prove to be useful is the deployment and 

implementation of in-house applications. Normally, such applications are often updated by the 

developers. Application virtualization allows for remote upgrades, installation, and distribution of important 

applications in a comprehensive manner. Therefore, this technology holds critical importance for 

organizations that develop and utilize in-house applications. 

4) Rolling out cloud applications: 

Application virtualization can assist in planning a sophisticated and managed approach for handling and 

ensuring a smooth cloud transition of an application that is currently being utilized as an on-premise 

version in parts of the same organization. In such scenarios, it’s necessary to ensure the proper 

functioning of the application during the ongoing rollout to cloud premises. 

By utilizing a state-of-the-art virtualization platform, you can ensure maximum continuity and minimum 

disruption for your end-users. Such platforms will assist in guaranteeing a smooth delivery of both the on-

premise and cloud versions of the application to different groups residing within the same workspace. 

Benefits of Application Virtualization: 
Some of the numerous advantages that app virtualization has to offer are described below concisely: 
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1) Easy access to updates: 

For critical software applications, the latest software patches and upgrades are necessary to install on a 

regular basis. With application virtualization, the installation of these upgrades turns out to be a hassle-

free procedure as the virtualized applications are updated on the centralized servers and not on end 

user’s machines. 

This necessarily means that once the updates are completed, the latest patches can be distributed 

straight to devices using virtualization software. For the end-user, these upgrades will take place in the 

background instantaneously without disrupting user productivity. 

2) Feasible installation process: 

Using virtualization, you just need to install the desired application on the server and afterward, it can be 

virtualized to as many devices as you wish. Virtualization simply removes the requirement of installing the 

application on every single device. As a result, the time and effort consumed during installation are 

minimized. 

3) Simplified Deployment: 

With application virtualization, deployment on clients’ systems becomes a straightforward process. Clients 

or partners can easily install the application on their machines by using the sent executable file that 

contains the configured application code. Hence, deployment using app virtualization results in a hassle-

free procedure. 

4) Minimized Application Conflicts: 

The installation of conflicting applications on the same system can sometimes create issues and cause 

one of the applications to crash. 

Since virtualized applications necessarily run within a Sandbox or containerized environment, other 

applications installed on the same device cannot detect or collude with them. This leads to a smooth 

functionality for applications that usually conflict with each other while residing on the same physical 

machine. 

A prominent example of such a scenario is related to the numerous versions of JAVA Runtime 

Environment (JRE). With the lack of app virtualization, two applications requiring different versions of JRE 



ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY 

 

CCS335 CLOUD COMPUTING 

 

would require installations on two different systems. However, with virtualization in place, both these 

applications can easily reside within the same end machine. 

5) Enhanced security: 

Data security is one of the most crucial aspects for every organization’s operations to run smoothly. Any 

sort of malware, virus, or potential threat that appears in any natively installed application or within the 

operating system of the end device does not affect the virtualized applications whatsoever as they are 

segregated from one another. 

This technology provides a centralized control on the user’s access right to specific virtualized 

applications. This results in a safe and systematic approach for protecting sensitive information that might 

be accessed via virtualized applications. For instance, if any company device is stolen or lost by an 

employee, the IT administrators can revoke access to the virtualized applications across the organization 

from that specific device to ensure data integrity and protection. 

Why do you need an Application 
Virtualization solution? 

 

The list of benefits to employing application virtualization knows no bounds. App virtualization allows IT 

administrators to install important apps only once on a dedicated server from where they can be later 

distributed to end devices using virtualization. It also assists in a smooth and uncomplicated software 
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update and patching mechanism. IT administrators can deploy virtualized applications on every 

connected device regardless of the operating system that’s running on it. 

Application virtualization software provides centralized access and authentication management to IT 

administrators. Using such solutions, IT admins can manage the permissions and access to virtualized 

applications efficiently. 

Monitoring the usage of applications also becomes a simple task and access to sensitive critical 

information can be easily revoked via remote means in case of device theft or loss. Moreover, it’s 

relatively easy to remove or delete the application completely from the server as compared to removing it 

from all individual devices. 

The bottom line – Application virtualization solutions offer seamless app deployment features, boosted 

performance, and easy-to-maintain virtualization environments. Moreover, some solutions also provide a 

remote wipe feature to protect sensitive data in case of unwanted events. Licensing components and 

enhanced security are a few more innovative capabilities that such solutions tend to offer. 

V2 Cloud – The Ultimate Virtualization 
Solution 
With V2 Cloud, deploying application virtualization solutions becomes an incredibly easy and quick 

procedure. Our 

scalable Desktop-as-a-Service (DaaS) solution provide a compelling digital workspace experience 

for your workforce, allowing users to access virtualized applications on the go. 

VIRTU AL CLUSTERS AND RESOURCE M AN AGEM ENT  

 A  ph ys ica l  c lus te r  is  a  co l lec t ion  o f  se rve rs  (ph ys ica l  m ach ines )  in te rconnec ted b y 

a  ph ys ica l  ne twork  such as  a  LAN.  

  Th is  chap te r  –  i n t r o  to  –  v i r t ua l  c lus ters ,  i t s  p roper t ies  and  po ten t ia l  

app l ica t ions .  

  Three c r i t i ca l  des ign  issues  o f  v i r t ua l  c lus ters :  

o  l i ve  m igra t ion  o f  VMs  

o  m em ory and  f i l e  m igra t ions  

https://v2cloud.com/solutions/daas-solution
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o  D ynam ic  dep lo ym en t  o f  v i r tua l  c lus ters .  

 3 .4 .1  Phys ical  versus  Vi r tua l  C lusters  

 V i r t ua l  c lus ters  are  bu i l t  w i th  VMs ins ta l l ed  a t  d is t r i bu ted se rvers  f r om  one or  

m ore  ph ys ica l  c lus te r s .  

  The VM s in  a  v i r tual  c luster  a re  in terconnected logical ly  by a  v i r tua l  

network  across  sev eral  phys ica l  networks.  

  F igure  3 .18  i l lus t r a tes  the  concepts  o f  v i r t ua l  c lus ter s  and  ph ys ica l  c lus ters .  

 Each v i r tua l  c lus ter  is  f o rm ed w i th  ph ys ica l  m ach ines  or  a  VM hos ted b y m ul t i p le  

ph ys ica l  c lus ters .  

  The v i r t ua l  c lus te r  boundar ies  a re  shown as  d is t inc t  boundar ies .  

 The  prov is ion ing  o f  VMs to  a  v i r t ua l  c lus ter  is  done d ynam ica l l y t o  have the  

fo l l ow ing  p roper t ies :  

o  The v i r t ua l  c lus ter  nodes  can  be  e i t her  ph ys ica l  o r  v i r t ua l  m ach ines .  

Mu l t i p le  VMs runn ing w i th  d i f f e rent  OSes  can  be  dep lo yed  on the  

sam e ph ys ica l  node .  

o  A  VM runs  w i th  a  gues t  OS,  wh ich  is  o f ten  d i f f e r en t  f rom  the hos t  OS,  

tha t  m anages  the  resources  in  the  ph ys ica l  m ach ine,  where  the  VM is  

im p lem ented.  

o  The purpose o f  us ing  VMs is  t o  conso l ida te  m ul t ip le  func t iona l i t i es  on  

the  sam e server .  Th is  w i l l  g reat l y enhance server  u t i l i za t ion  and  

app l ica t ion  f l ex ib i l i t y .  

o  VMs can be co lon ize d ( r ep l ica ted)  in  m u l t i p le  servers  f o r  the  purpose  

o f  p rom ot ing  d is t r i bu ted para l le l ism ,  fau l t  to le rance,  and d isas ter  

recover y.  

o  The s i ze  (num ber  o f  nodes)  o f  a  v i r tua l  c lus ter  can  g row or  shr ink  

d ynam ica l l y,  s im i la r  t o  t he  wa y an over la y  ne twork  var ies  in  s i ze  in  a  

peer - to -peer  (P2P)  network .  
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o  The fa i lu re  o f  an y phys ica l  nodes  m ay d isab le  som e VMs ins ta l l ed  on  

the  fa i l i ng  nodes .  Bu t  t he  f a i l u re  o f  VMs w i l l  no t  pu l l  down the  hos t  

s ys tem .  

 S ince  s ys tem  v i r t ua l i za t ion  has  been w ide ly  used ,  i t  i s  necessary  to  

o  e f f ec t i ve l y m anage VMs runn ing on a  m ass  o f  ph ys ica l  com put ing  

nodes  (a lso  ca l led  v i r tua l  c lus ters )  and  

o  bu i ld  a  h igh -per f orm ance v i r t ua l i zed  com put ing  env i r onm en t .  

 Th is  invo lves  

o  v i r t ua l  c lus ter  dep lo ym ent ,  

o  m on i to r ing  and  m anagem ent  over  la rge -sca le  c lus ter s ,  

o  resource schedu l ing  

o  l oad  ba lanc ing  

o  ser ver  conso l ida t ion  

o  f au l t  t o le rance     

  F igure  3 .19 shows the  concep t  o f  a  v i r t ua l  c lus ter  based on app l ica t ion  

par t i t ion ing  or  cus tom izat ion .  

 The  d i f f e ren t  co lors  in  t he  f igure  represent  t he  nodes  in  d i f f e ren t  v i r t ua l  c lus ters .  

  I ssues  to  cons ider  –  how to  e f f ic ien t l y s to re  the  la rge num ber  o f  VM im ages  

in  t he  s ys tem .  

 There  are  com m on ins ta l l a t ions  fo r  m os t  users  or  app l ica t ions ,  such as  opera t ing  

sys tem s or  user - leve l  p rogram m ing  l ib rar ies .  

  These so f tware  packages  can  be pre ins ta l l ed  as  tem p la tes  (ca l led  tem p la te  

VMs) .  

  W i th  these tem pla tes ,  users  can bu i ld  the i r  own  so f tware  s tacks .  

  New OS ins tances  can be cop ied f r om  the  tem p la te  VM.  

  Use r -spec i f ic  com ponen ts  such as  prog ramm ing l i b rar ies  and  app l ica t ions  

can be ins ta l l ed  to  those ins tances .  
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 Three  ph ys ica l  c lus ters  a re  shown on  the  le f t  s ide  o f  F igure  3 .18.  

  Four  v i r t ua l  c lus ters  are  c rea ted  on  the  r igh t ,  over  t he  ph ys ica l  c lus ters .  

  The ph ys ica l  m ach ines  a re  a lso  ca l led  host  systems .  

  In  cont ras t ,  t he  VMs  are  guest  sys tems .  

  The hos t  and  gues t  s ys tem s m a y run  w i th  d i f f e ren t  opera t ing  s ys tem s.  

  Each VM can be ins ta l l ed  on a  rem ote  server  o r  r ep l ica ted on m u l t i p le  

servers  be long ing  to  the  sam e o r  d i f f e rent  ph ys ica l  c lus ters .  

  The boundar y o f  a  v i r t ua l  c lus ter  can change as  VM nodes  are  added ,  

rem oved ,  o r  m ig ra ted  d ynam ica l l y ove r  t im e.  

  

3.4 .1 .1  Fast  Deployment  and Ef fect ive  Schedul ing  

 The  s ys tem  shou ld  have the  capab i l i t y  o f  f as t  dep lo ym en t .  

  He re ,  dep lo ym ent  m eans  two  th ings :  

o  to  cons t ruc t  and  d is t r i bu te  so f tware  s tacks  (OS,  l i b rar ies ,  

app l ica t ions )  t o  a  ph ys ica l  node  ins ide  c lus te rs  as  fas t  as  poss ib le ,  

o  to  qu ick l y sw i tch  run t im e env i r onm en ts  f r om  one  user ’s  v i r t ua l  c lus ter  

to  ano ther  user ’s  v i r t ua l  c lus ter .  

 I f  one user  f i n ishes  us ing  h is  s ys tem ,  the  cor respond ing v i r tua l  c lus ter  shou ld  

shut  down  or  suspend qu ick l y t o  save the  resources  to  r un  o ther  VMs for  o ther  

users .  

  

  T h e  c o n c e p t  o f  “ g r e e n  c o m p u t i n g ”  h a s  a t t r a c t e d  m u c h  a t t e n t i o n  r e c e n t l y .  

  

  A p p r o a c h e s  

o  F o c u s  o n  s a v i n g  t h e  e n e r g y  c o s t  o f  c o m p o n e n t s  i n  i n d i v i d u a l  w o r k s t a t i o n s  

o  A p p l y  c l u s t e r - w i d e  e n e r g y - e f f i c i e n t  t e c h n i q u e s  o n  h o m o g e n e o u s  

w o r k s t a t i o n s  a n d  s p e c i f i c  a p p l i c a t i o n s .  
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  T h e  l i v e  m i g r a t i o n  o f  V M s  a l l o w s  w o r k l o a d s  o f  o n e  n o d e  t o  t r a n s f e r  t o  a n o t h e r  

n o d e .  

  P r o b l e m  –  

o  i t  d o e s  n o t  g u a r a n t e e  t h a t  V M s  c a n  r a n d o m l y  m i g r a t e  a m o n g  t h e m s e l v e s .  

o  p o t e n t i a l  o v e r h e a d  c a u s e d  b y  l i v e  m i g r a t i o n s  o f  V M s  

  o v e r h e a d  a l s o  a f f e c t s  c l u s t e r  u t i l i z a t i o n ,  t h r o u g h p u t ,  a n d  Q o S  i s s u e s .  

o  c h a l l e n g e  –  d e t e r m i n e  h o w  t o  d e s i g n  m i g r a t i o n  s t r a t e g i e s  t o  i m p l e m e n t  

g r e e n  c o m p u t i n g  w i t h o u t  i n f l u e n c i n g  t h e  p e r f o r m a n c e  o f  c l u s t e r s .  

o  A n o t h e r  a d v a n t a g e  o f  v i r t u a l i z a t i o n  i s  l o a d  b a l a n c i n g  o f  a p p l i c a t i o n s  i n  

a  v i r t u a l  c l u s t e r .  

o  L o a d  b a l a n c i n g  c a n  b e  a c h i e v e d  u s i n g  

  t h e  l o a d  i n d e x  a n d  

  f r e q u e n c y  o f  u s e r  l o g i n s .  

o  T h e  a u t o m a t i c  s c a l e - u p  a n d  s c a l e - d o w n  m e c h a n i s m  o f  a  v i r t u a l  c l u s t e r  c a n  

b e  i m p l e m e n t e d  b a s e d  o n  t h i s  m o d e l .  

o  C o n s e q u e n t l y ,  

  w e  c a n  i n c r e a s e  t h e  r e s o u r c e  u t i l i z a t i o n  o f  n o d e s  a n d  

  s h o r t e n  t h e  r e s p o n s e  t i m e  o f  s y s t e m s .  

  

  M a p p i n g  V M s  o n t o  t h e  m o s t  a p p r o p r i a t e  p h y s i c a l  n o d e  s h o u l d  p r o m o t e  

p e r f o r m a n c e .  

  D y n a m i c a l l y  a d j u s t i n g  l o a d s  a m o n g  n o d e s  b y  l i v e  m i g r a t i o n  o f  V M s  i s  d e s i r e d ,  

w h e n  t h e  l o a d s  o n  c l u s t e r  n o d e s  b e c o m e  q u i t e  u n b a l a n c e d .  

  

  

3 . 4 . 1 . 2  Hi g h - P e r fo r m a n c e  V i r t u a l  S t o r a g e  
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  T h e  t e m p l a t e  V M  c a n  b e  d i s t r i b u t e d  t o  s e v e r a l  p h y s i c a l  h o s t s  i n  t h e  c l u s t e r  t o  

c u s t o m i z e  t h e  V M s .  

  

  B a s i c a l l y ,  t h e r e  a r e  f o u r  s t e p s  t o  d e p l o y  a  g r o u p  o f  V M s  o n t o  a  t a r g e t  c l u s t e r :  

o  p r e p a r i n g  t h e  d i s k  i m a g e ,  

o  c o n f i g u r i n g  t h e  V M s ,  

o  c h o o s i n g  t h e  d e s t i n a t i o n  n o d e s ,  a n d  

o  e x e c u t i n g  t h e  V M  d e p l o y m e n t  c o m m a n d  o n  e v e r y  h o s t .  

  

  E v e r y  V M  i s  c o n f i g u r e d  w i t h  

o  a  n a m e ,  

o  d i s k  i m a g e ,  

o  n e t w o r k  s e t t i n g ,  a n d  

o  a l l o c a t e d  C P U  a n d  m e m o r y .  

  

  E a c h  V M  c o n f i g u r a t i o n  i s  r e c o r d e d  i n t o  a  f i l e .  

  M o s t  c o n f i g u r a t i o n  i t e m s  u s e  t h e  s a m e  s e t t i n g s ,  w h i l e  s o m e  o f  t h e m ,  s u c h  a s  U U I D ,  

V M  n a m e ,  a n d  I P  a d d r e s s ,  a r e  a s s i g n e d  w i t h  a u t o m a t i c a l l y  c a l c u l a t e d  v a l u e s .  

  

  T h e  d e p l o y m e n t  p r i n c i p l e  i s  t o  f u l f i l l  t h e  V M  r e q u i r e m e n t  a n d  t o  b a l a n c e  

w o r k l o a d s  a m o n g  t h e  w h o l e  h o s t  n e t w o r k .  

  

  

3 . 4 . 2  Li v e  V M  M i g r a t i o n  S t e p s  a n d  P e r fo r m a n c e  E f f e c t s  
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  I n  a  c l u s t e r  b u i l t  w i t h  m i x e d  n o d e s  o f  h o s t  a n d  g u e s t  s y s t e m s ,  t h e  n o r m a l  m e t h o d  

o f  o p e r a t i o n  i s  t o  r u n  e v e r y t h i n g  o n  t h e  p h y s i c a l  m a c h i n e .  

  V i r t u a l  c l u s t e r s  c a n  b e  a p p l i e d  i n  c o m p u t a t i o n a l  g r i d s ,  c l o u d  p l a t f o r m s ,  a n d  h i g h -

p e r f o r m a n c e  c o m p u t i n g  ( H P C )  s y s t e m s .  

  V i r t u a l  c l u s t e r i n g  p r o v i d e s  d y n a m i c  r e s o u r c e s  t h a t  c a n  b e  q u i c k l y  p u t  t o g e t h e r  

u p o n  u s e r  d e m a n d  o r  a f t e r  a  n o d e  f a i l u r e .  

  I n  p a r t i c u l a r ,  v i r t u a l  c l u s t e r i n g  p l a y s  a  k e y  r o l e  i n  c l o u d  c o m p u t i n g .  

  

  T h e r e  a r e  f o u r  w a y s  t o  m a n a g e  a  v i r t u a l  c l u s t e r .  

o  c l u s t e r  m a n a g e r  r e s i d e s  o n  a  g u e s t  s y s t e m  

o  C l u s t e r  m a n a g e r  r e s i d e s  o n  t h e  h o s t  s y s t e m s .  T h e  h o s t - b a s e d  m a n a g e r  

s u p e r v i s e s  t h e  g u e s t  s y s t e m s  a n d  c a n  r e s t a r t  t h e  g u e s t  s y s t e m  o n  a n o t h e r  

p h y s i c a l  m a c h i n e .  

o  U s e  a n  i n d e p e n d e n t  c l u s t e r  m a n a g e r  o n  b o t h  t h e  h o s t  a n d  g u e s t  s y s t e m s  –  

i s s u e  –  m a k e s  i n f r a s t r u c t u r e  m a n a g e m e n t  m o r e  c o m p l e x .  

o  U s e  a n  i n t e g r a t e d  c l u s t e r  o n  t h e  g u e s t  a n d  h o s t  s y s t e m s .  T h i s  m e a n s  t h e  

m a n a g e r  m u s t  b e  d e s i g n e d  t o  d i s t i n g u i s h  b e t w e e n  v i r t u a l i z e d  r e s o u r c e s  a n d  

p h y s i c a l  r e s o u r c e s .  

  

  A  V M  c a n  b e  i n  o n e  o f  t h e  f o l l o w i n g  f o u r  s t a t e s .  

o  A n  i n a c t i v e  s t a t e  i s  d e f i n e d  b y  t h e  v i r t u a l i z a t i o n  p l a t f o r m ,  u n d e r  w h i c h  

t h e  V M  i s  n o t  e n a b l e d .  

o  A n  a c t i v e  st a t e  r e f e r s  t o  a  V M  t h a t  h a s  b e e n  i n s t a n t i a t e d  a t  t h e  

v i r t u a l i z a t i o n  p l a t f o r m  t o  p e r f o r m  a  r e a l  t a s k .  

o  A  p a u se d  st a t e  c o r r e s p o n d s  t o  a  V M  t h a t  h a s  b e e n  i n s t a n t i a t e d  b u t  

d i s a b l e d  t o  p r o c e s s  a  t a s k  o r  p a u s e d  i n  a  w a i t i n g  s t a t e .  

o  A  V M  e n t e r s  t h e  su s p e n d e d  st a t e  i f  i t s  m a c h i n e  f i l e  a n d  v i r t u a l  r e s o u r c e s  

a r e  s t o r e d  b a c k  t o  t h e  d i s k .  

  



ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY 

 

CCS335 CLOUD COMPUTING 

 

  V M s  c a n  b e  l i v e - m i g r a t e d  f r o m  o n e  p h y s i c a l  m a c h i n e  t o  a n o t h e r ;  

  W h e n  a  V M  f a i l s ,  o n e  V M  c a n  b e  r e p l a c e d  b y  a n o t h e r  V M  o n  a  d i f f e r e n t  n o d e ,  a s  

l o n g  a s  t h e y  b o t h  r u n  w i t h  t h e  s a m e  g u e s t  O S .  

  T h e  m i g r a t i o n  c o p i e s  t h e  V M  s t a t e  f i l e  f r o m  t h e  s t o r a g e  a r e a  t o  t h e  h o s t  m a c h i n e  

  

  F i g u r e  3 . 2 0  s h o w s  t h e  p r o c e s s  o f  l i f e  m i g r a t i o n  o f  a  V M  f r o m  h o s t  A  t o  h o s t  B .  ( s i x  

s t e p s )  

  

  

  

  

  S t e p s  0  a n d  1 :  S t a r t  m i g r a t i o n .  

o  M a k e s  p r e p a r a t i o n s  f o r  t h e  m i g r a t i o n ,  i n c l u d i n g  d e t e r m i n i n g  t h e  m i g r a t i n g  

V M  a n d  t h e  d e s t i n a t i o n  h o s t .  

o  M i g r a t i o n  –  

  m a n u a l  d o n e  b y  u s e r  o r  

  a u t o m a t i c a l l y  s t a r t e d  b y  s t r a t e g i e s  s u c h  a s  l o a d  b a l a n c i n g  a n d  s e r v e r  

c o n s o l i d a t i o n .  

  

  S t e p s  2 :  T r a n s f e r  m e m o r y .  

o  S i n c e  t h e  w h o l e  e x e c u t i o n  s t a t e  o f  t h e  V M  i s  s t o r e d  i n  m e m o r y ,  s e n d i n g  t h e  

V M ’ s  m e m o r y  t o  t h e  d e s t i n a t i o n  n o d e  e n s u r e s  c o n t i n u i t y  o f  t h e  s e r v i c e  

p r o v i d e d  b y  t h e  V M .  

o  A l l  o f  t h e  m e m o r y  d a t a  i s  t r a n s f e r r e d  i n  t h e  f i r s t  r o u n d ,  a n d  

o  T h e n  t h e  m i g r a t i o n  c o n t r o l l e r  r e c o p i e s  t h e  m e m o r y  d a t a  w h i c h  i s  

c h a n g e d  i n  t h e  l a s t  r o u n d .  
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o  T h e s e  s t e p s  k e e p  i t e r a t i n g  u n t i l  a l l  m o d i f i e d  d a t a  i s  c o p i e d  t o  d e s t i n a t i o n  

n o d e .  

  

  S t e p  3 :  S u s p e n d  t h e  V M  a n d  c o p y  t h e  l a s t  p o r t i o n  o f  t h e  d a t a .  

o  T h e  m i g r a t i n g  V M ’ s  e x e c u t i o n  i s  s u s p e n d e d  w h e n  t h e  l a s t  r o u n d ’ s  m e m o r y  

d a t a  i s  t r a n s f e r r e d .  

o  O t h e r  n o n - m e m o r y  d a t a  s u c h  a s  C P U  a n d  n e t w o r k  s t a t e s  a r e  s e n t .  

o  D u r i n g  t h i s  s t e p ,  t h e  V M  i s  s t o p p e d  a n d  i t s  a p p l i c a t i o n s  w i l l  n o  l o n g e r  r u n .  

o  T h i s  “ s e r v i c e  u n a v a i l a b l e ”  t i m e  i s  c a l l e d  t h e  “ d o w n t i m e ”  o f  m i g r a t i o n ,  w h i c h  

s h o u l d  b e  a s  s h o r t  a s  p o s s i b l e  s o  t h a t  i t  c a n  b e  n e g l i g i b l e  t o  u s e r s .  

  

  

  

  S t e p s  4  a n d  5 :  C o m m i t  a n d  a c t i v a t e  t h e  n e w  h o s t .  

o  A f t e r  a l l  t h e  n e e d e d  d a t a  i s  c o p i e d  t o  t h e  d e s t i n a t i o n  h o s t ,  t h e  V M  r e l o a d s  

t h e  s t a t e s  a n d  r e c o v e r s  t h e  e x e c u t i o n  o f  p r o g r a m s  i n  t h e  d e s t i n a t i o n  h o s t ,  

a n d  t h e  s e r v i c e  p r o v i d e d  b y  t h i s  V M  c o n t i n u e s .  

o  R e d i r e c t  t h e  n e t w o r k  c o n n e c t i o n  t o  t h e  n e w  V M  a n d  c l e a r  t h e  d e p e n d e n c y  t o  

t h e  s o u r c e  h o s t .  

o  F i n a l l y  r e m o v e  t h e  o r i g i n a l  V M  f r o m  t h e  s o u r c e  h o s t .  

  

  W h e n  a  V M  r u n s  a  l i v e  s e r v i c e ,  i t  i s  n e c e s s a r y  t o  e n s u r e  t h a t  t h e  m i g r a t i o n  h a s  

o  n e g l i g i b l e  d o w n t i m e ,  

o  t h e  l o w e s t  n e t w o r k  b a n d w i d t h  c o n s u m p t i o n  p o s s i b l e ,  a n d  

o  a  r e a s o n a b l e  t o t a l  m i g r a t i o n  t i m e .  

o  M i g r a t i o n  s h o u l d  n o t  d i s r u p t  o t h e r  a c t i v e  s e r v i c e s  r e s i d i n g  i n  t h e  s a m e  h o s t  

t h r o u g h  r e s o u r c e  c o n t e n t i o n  ( e . g . ,  C P U ,  n e t w o r k  b a n d w i d t h ) .  
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3 . 4 . 3  M i g r a t i o n  o f  M e m o r y ,  F i l e s ,  a n d  N e t w o r k R e so u r c e s  

  

  S i n c e  c l u s t e r s  h a v e  a  h i g h  i n i t i a l  c o s t  o f  o w n e r s h i p ,  

o  ( i n c l u d i n g  s p a c e ,  p o w e r  c o n d i t i o n i n g ,  a n d  c o o l i n g  e q u i p m e n t , )  

o  l e a s i n g  o r  s h a r i n g  a c c e s s  t o  a  c o m m o n  c l u s t e r  i s  a n  a t t r a c t i v e  s o l u t i o n  

w h e n  d e m a n d s  v a r y  o v e r  t i m e .  

  S h a r e d  c l u s t e r s  o f f e r  e c o n o m i e s  o f  s c a l e  a n d  m o r e  e f f e c t i v e  u t i l i z a t i o n  o f  r e s o u r c e s  

b y  m u l t i p l e x i n g .  

  E a r l y  c o n f i g u r a t i o n  a n d  m a n a g e m e n t  s y s t e m s  f o c u s  o n  e x p r e s s i v e  a n d  s c a l a b l e  

m e c h a n i s m s  f o r  d e f i n i n g  c l u s t e r s  f o r  s p e c i f i c  t y p e s  o f  s e r v i c e ,  a n d  p h y s i c a l l y  

p a r t i t i o n  c l u s t e r  n o d e s  a m o n g  t h o s e  t y p e s .  

  W h e n  o n e  s y s t e m  m i g r a t e s  t o  a n o t h e r  p h y s i c a l  n o d e ,  w e  s h o u l d  c o n s i d e r  t h e  

f o l l o w i n g  i s s u e s .  

o  M e m o r y  M i g r a t i o n  

o  F i l e  S y s t e m  M i g r a t i o n  

o  N e t w o r k  M i g r a t i o n  

o  L i v e  M i g r a t i o n  o f  V M  U s i n g  X e n  
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3 . 4 . 3 . 1  M e m o r y  M i g r a t i o n  

  

  T h i s  i s  o n e  o f  t h e  m o s t  i m p o r t a n t  a s p e c t s  o f  V M  m i g r a t i o n .  

  M o v i n g  t h e  m e m o r y  i n s t a n c e  o f  a  V M  f r o m  o n e  p h y s i c a l  h o s t  t o  a n o t h e r  

o  d e p e n d  u p o n  t h e  c h a r a c t e r i s t i c s  o f  a p p l i c a t i o n / w o r k l o a d s  s u p p o r t e d  b y  t h e  

g u e s t  O S .  

  

  M e m o r y  m i g r a t i o n  c a n  b e  i n  a  r a n g e  o f  h u n d r e d s  o f  m e g a b y t e s  t o  a  f e w  g i g a b y t e s  

i n  a  t y p i c a l  s y s t e m  t o d a y ,  a n d  

  i t  n e e d s  t o  b e  d o n e  i n  a n  e f f i c i e n t  m a n n e r .  

  

  T h e  In t e r n e t  S u s p e n d - R e s u m e  ( IS R )  t e c h n i q u e  e x p l o i t s  t e m p o r a l  l o c a l i t y  a s  

m e m o r y  s t a t e s  a r e  l i k e l y  t o  h a v e  c o n s i d e r a b l e  o v e r l a p  i n  t h e  s u s p e n d e d  a n d  t h e  

r e s u m e d  i n s t a n c e s  o f  a  V M .  

  

  T e m p o r a l  l o c a l i t y  r e f e r s  t o  t h e  f a c t  t h a t  t h e  m e m o r y  s t a t e s  d i f f e r  o n l y  b y  t h e  

a m o u n t  o f  w o r k  d o n e  s i n c e  a  V M  w a s  l a s t  s u s p e n d e d  b e f o r e  b e i n g  i n i t i a t e d  f o r  

m i g r a t i o n .  

  

  T o  e x p l o i t  t e m p o r a l  l o c a l i t y ,  e a c h  f i l e  i n  t h e  f i l e  s y s t e m  i s  r e p r e s e n t e d  a s  a  t r e e  o f  

sm a l l  s u b fi l e s .  

  A  c o p y  o f  t h i s  t r e e  e x i s t s  i n  b o t h  t h e  s u s p e n d e d  a n d  r e s u m e d  V M  i n s t a n c e s .  

  T h e  a d v a n t a g e  o f  u s i n g  a  t r e e - b a s e d  r e p r e s e n t a t i o n  o f  f i l e s  i s  t h a t  t h e  c a c h i n g  

e n s u r e s  t h e  t r a n s m i s s i o n  o f  o n l y  t h o s e  f i l e s  w h i c h  h a v e  be e n  c h a n g e d .  
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  T h e  I S R  t e c h n i q u e  d e a l s  w i t h  s i t u a t i o n s  w h e r e  t h e  m i g r a t i o n  o f  l i v e  m a c h i n e s  i s  

n o t  a  n e c e s s i t y .  

  P r e d i c t a b l y ,  t h e  d o w n t i m e  ( t h e  p e r i o d  d u r i n g  w h i c h  t h e  s e r v i c e  i s  u n a v a i l a b l e  d u e  

t o  t h e r e  b e i n g  n o  c u r r e n t l y  e x e c u t i n g  i n s t a n c e  o f  a  V M )  i s  h i g h ,  c o m p a r e d  t o  s o m e  

o f  t h e  o t h e r  t e c h n i q u e s  d i s c u s s e d  l a t e r .  

3 . 4 . 3 . 2  F i l e  S y st e m  M i g r a t i o n  

  

  T o  s u p p o r t  V M  m i g r a t i o n ,  a  s y s t e m  m u s t  p r o v i d e  e a c h  V M  w i t h  a  c o n s i s t e n t ,  

l o c a t i o n - i n d e p e n d e n t  v i e w  o f  t h e  f i l e  s y s t e m  t h a t  i s  a v a i l a b l e  o n  a l l  h o s t s .  

  

S o l u t i o n  1  

  A  s i m p l e  w a y  t o  a c h i e v e  t h i s  i s  t o  p r o v i d e  e a c h  V M  w i t h  i t s  o w n  v i r t u a l  d i s k  w h i c h  

t h e  f i l e  s y s t e m  i s  m a p p e d  t o  a n d  t r a n s p o r t  t h e  c o n t e n t s  o f  t h i s  v i r t u a l  d i s k  a l o n g  

w i t h  t h e  o t h e r  s t a t e s  o f  t h e  V M .  

  H o w e v e r ,  d u e  t o  t h e  c u r r e n t  t r e n d  o f  h i g h  c a p a c i t y  d i s k s ,  m i g r a t i o n  o f  t h e  c o n t e n t s  

o f  a n  e n t i r e  d i s k  o v e r  a  n e t w o r k  i s  n o t  a  v i a b l e  s o l u t i o n .  

  

S o l u t i o n  2  

  A n o t h e r  w a y  i s  t o  h a v e  a  g l o b a l  f i l e  s y s t e m  a c r o s s  a l l  m a c h i n e s  w h e r e  a  V M  c o u l d  

b e  l o c a t e d .  T h i s  w a y  r e m o v e s  t h e  n e e d  t o  c o p y  f i l e s  f r o m  o n e  m a c h i n e  t o  a n o t h e r  

b e c a u s e  a l l  f i l e s  a r e  n e t w o r k  a c c e s s i b l e .  

  

S o l u t i o n  3  

  A  d i s t r i b u t e d  f i l e  s y s t e m  i s  u s e d  i n  I S R  s e r v i n g  a s  a  t r a n s p o r t  m e c h a n i s m  f o r  

p r o p a g a t i n g  a  s u s p e n d e d  V M  s t a t e .  
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  T h e  a c t u a l  f i l e  s y s t e m s  t h e m s e l v e s  a r e  n o t  m a p p e d  o n t o  t h e  d i s t r i b u t e d  f i l e  

s y s t e m .  

  I n s t e a d ,  t h e  V M M  o n l y  a c c e s s e s  i t s  l o c a l  f i l e  s y s t e m .  

  T h e  r e l e v a n t  V M  f i l e s  a r e  e x p l i c i t l y  c o p i e d  i n t o  t h e  l o c a l  f i l e  s y s t e m  f o r  a  r e s u m e  

o p e r a t i o n  a n d  t a k e n  o u t  o f  t h e  l o c a l  f i l e  s y s t e m  f o r  a  s u s p e n d  o p e r a t i o n .  

  T h i s  a p p r o a c h  r e l i e v e s  d e v e l o p e r s  f r o m  t h e  c o m p l e x i t i e s  o f  i m p l e m e n t i n g  s e v e r a l  

d i f f e r e n t  f i l e  s y s t e m  c a l l s  f o r  d i f f e r e n t  d i s t r i b u t e d  f i l e  s y s t e m s .  

  I t  a l s o  e s s e n t i a l l y  d i s a s s o c i a t e s  t h e  V M M  f r o m  a n y  p a r t i c u l a r  d i s t r i b u t e d  f i l e  

s y s t e m  s e m a n t i c s .  

  H o w e v e r ,  t h i s  d e c o u p l i n g  m e a n s  t h a t  t h e  V M M  h a s  t o  s t o r e  t h e  c o n t e n t s  o f  e a c h  

V M ’ s  v i r t u a l  d i s k s  i n  i t s  l o c a l  f i l e s ,  w h i c h  h a v e  t o  b e  m o v e d  a r o u n d  w i t h  t h e  o t h e r  

s t a t e  i n f o r m a t i o n  o f  t h a t  V M .  

  

S o l u t i o n  4  

  I n  s m a r t  c o p y i n g ,  t h e  V M M  e x p l o i t s  s p a t i a l  l o c a l i t y .  

  t o  t r a n s m i t  o n l y  t h e  d i f fe r e n c e  be t w e e n  t h e  t w o  f i l e  sy st e m s a t  su s p e n d i n g  

a n d  r e s u m i n g  l o c a t i o n s.  

  T h i s  t e c h n i q u e  s i g n i f i c a n t l y  r e d u c e s  t h e  a m o u n t  o f  a c t u a l  p h y s i c a l  d a t a  t h a t  h a s  t o  

b e  m o v e d .  

  

S o l u t i o n  5  –  p r o a c t i v e  s t a t e  t r a n s f e r  s o l u t i o n  –  p r e d i c t  n e w  l o c a t i o n  

  I n  s i t u a t i o n s  w h e r e  t h e r e  i s  n o  l o c a l i t y  t o  e x p l o i t ,  a  d i f f e r e n t  a p p r o a c h  i s  

t o  sy n t h e si ze  m u c h  o f  t h e  s t a t e  a t  t h e  r e s u m i n g  s i t e .  

  O n  m a n y  s y s t e m s ,  u s e r  f i l e s  o n l y  f o r m  a  s m a l l  f r a c t i o n  o f  t h e  a c t u a l  d a t a  o n  d i s k .  

  O p e r a t i n g  s y s t e m  a n d  a p p l i c a t i o n  s o f t w a r e  a c c o u n t  f o r  t h e  m a j o r i t y  o f  s t o r a g e  

s p a c e .  

  T h e  p r o a c t i v e  s t a t e  t r a n s f e r  s o l u t i o n  w o r k s  i n  t h o s e  c a s e s  w h e r e  t h e  r e s u m i n g  s i t e  

c a n  b e  p r e d i c t e d  w i t h  r e a s o n a b l e  c o n f i d e n c e .  
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3 . 4 . 3 . 3  N e t w o r k M i g r a t i o n  

  

  A  m i g r a t i n g  V M  s h o u l d  m a i n t a i n  a l l  o p e n  n e t w o r k  c o n n e c t i o n s  w i t h o u t  r e l y i n g  o n  

f o r w a r d i n g  m e c h a n i s m s  o n  t h e  o r i g i n a l  h o s t  o r  o n  s u p p o r t  f r o m  m o b i l i t y  o r  

r e d i r e c t i o n  m e c h a n i s m s .  

  

  T o  e n a b l e  r e m o t e  s y s t e m s  t o  l o c a t e  a n d  c o m m u n i c a t e  w i t h  a  V M ,  e a c h  V M  m u s t  b e  

a s s i g n e d  a  v i r t u a l  IP  a d d r e s s  k n o w n  t o  o t h e r  e n t i t i e s .  

  T h i s  a d d r e s s  c a n  b e  d i s t i n c t  f r o m  t h e  I P  a d d r e s s  o f  t h e  h o s t  m a c h i n e  w h e r e  t h e  V M  

i s  c u r r e n t l y  l o c a t e d .  

  E a c h  V M  c a n  a l s o  h a v e  i t s  o w n  d i s t i n c t  v i r t u a l  M A C  a d d r e s s .  

  T h e  V M M  m a i n t a i n s  a  m a p p i n g  o f  t h e  v i r t u a l  I P  a n d  M A C  a d d r e s s e s  t o  t h e i r  

c o r r e s p o n d i n g  V M s .  ( A R P  T a b l e )  

  

S o l u t i o n  1  –  V i r t u a l  I P  a n d  M A C  a d d r e s s  

  I n  g e n e r a l ,  a  m i g r a t i n g  V M  i n c l u d e s  a l l  t h e  p r o t o c o l  s t a t e s  a n d  c a r r i e s  i t s  I P  

a d d r e s s  w i t h  i t .  

  I f  t h e  s o u r c e  a n d  d e s t i n a t i o n  m a c h i n e s  o f  a  V M  m i g r a t i o n  a r e  t y p i c a l l y  c o n n e c t e d  

t o  a  s i n g l e  s w i t c h e d  L A N ,  a n  u n s o l i c i t e d  A R P  r e p l y  f r o m  t h e  m i g r a t i n g  h o s t  i s  

p r o v i d e d  a d v e r t i s i n g  t h a t  t h e  I P  h a s  m o v e d  t o  a  n e w  l o c a t i o n .  

  T h i s  s o l v e s  t h e  o p e n  n e t w o r k  c o n n e c t i o n  p r o b l e m  b y  r e c o n f i g u r i n g  a l l  t h e  p e e r s  t o  

s e n d  f u t u r e  p a c k e t s  t o  a  n e w  l o c a t i o n .  

  A l t h o u g h  a  f e w  p a c k e t s  t h a t  h a v e  a l r e a d y  b e e n  t r a n s m i t t e d  m i g h t  b e  l o s t ,  t h e r e  a r e  

n o  o t h e r  p r o b l e m s  w i t h  t h i s  m e c h a n i s m .  
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S o l u t i o n  2  –  S w i t c h e d  N e t w o r k s  

  A l t e r n a t i v e l y ,  o n  a  s w i t c h e d  n e t w o r k ,  t h e  m i g r a t i n g  O S  c a n  k e e p  i t s  o r i g i n a l  

E t h e r n e t  M A C  a d d r e s s  a n d  r e l y  o n  t h e  n e t w o r k  s w i t c h  t o  d e t e c t  i t s  m o v e  t o  a  n e w  

p o r t .  

  

S o l u t i o n  3  –  L i v e  m i g r a t i o n  

  L i v e  m i g r a t i o n  m e a n s  m o v i n g  a  V M  f r o m  o n e  p h y s i c a l  n o d e  t o  a n o t h e r  w h i l e  

k e e p i n g  i t s  O S  e n v i r o n m e n t  a n d  a p p l i c a t i o n s  u n b r o k e n .  

  T h i s  c a p a b i l i t y  i s  u s e d  t o  p r o v i d e  e f f i c i e n t  

o  o n l i n e  s y s t e m  m a i n t e n a n c e ,  

o  r e c o n f i g u r a t i o n ,  

o  l o a d  b a l a n c i n g ,  a n d  

o  p r o a c t i v e  f a u l t  t o l e r a n c e .  

  

  I t  a l s o  p r o v i d e s  d e s i r a b l e  f e a t u r e s  t o  s a t i s f y  r e q u i r e m e n t s  f o r  c o m p u t i n g  

r e so u r c e s  i n  m o d e r n  c o m p u t i n g  s y s t e m s ,  i n c l u d i n g  se r v e r  c o n so l i d a t i o n ,  

p e r fo r m a n c e  i so l a t i o n ,  a n d  e a se  o f  m a n a g e m e n t .  

  N o t e :  

o  T r a d i t i o n a l  m i g r a t i o n  s u s p e n d s  V M s  b e f o r e  t h e  t r a n s p o r t a t i o n  a n d  t h e n  

r e s u m e s  t h e m  a t  t h e  e n d  o f  t h e  p r o c e s s .  

o  B y  i m p o r t i n g  t h e  p r e c o p y  m e c h a n i s m ,  a  V M  c o u l d  b e  l i v e  m i g r a t e d  w i t h o u t  

s t o p p i n g  t h e  V M  a n d  k e e p  t h e  a p p l i c a t i o n s  r u n n i n g  d u r i n g  t h e  m i g r a t i o n .  

  

S o l u t i o n  3  –  C l u s t e r  E n v i r o n m e n t  w i t h  n e t w o r k - a c c e s s i b l e  s t o r a g e  s y s t e m ,  l i k e  s t o r a g e  

a r e a  n e t w o r k  ( S A N )  o r  n e t w o r k  a t t a c h e d  s t o r a g e  ( N A S )  
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  O n l y  m e m o r y  a n d  C P U  s t a t u s  n e e d s  t o  b e  t r a n s f e r r e d  f r o m  t h e  s o u r c e  n o d e  t o  t h e  

t a r g e t  n o d e .  

  

  

S o l u t i o n  4  –  p r e c o p y  a p p r o a c h  

  P r e c o p y  a p p r o a c h  –  f i r s t  t r a n s f e r s  a l l  m e m o r y  p a g e s ,  a n d  t h e n  o n l y  c o p i e s  

m o d i f i e d  p a g e s  d u r i n g  t h e  l a s t  r o u n d  i t e r a t i v e l y .  

  

S o l u t i o n  5  –  P o s t c o p y  a p p r o a c h  

  H e r e ,  a l l  m e m o r y  p a g e s  a r e  t r a n s f e r r e d  o n l y  o n c e  d u r i n g  t h e  w h o l e  m i g r a t i o n  

p r o c e s s  a n d  t h e  b a s e l i n e  t o t a l  m i g r a t i o n  t i m e  i s  r e d u c e d .  

  B u t  t h e  d o w n t i m e  i s  m u c h  h i g h e r  t h a n  t h a t  o f  p r e c o p y  d u e  t o  t h e  l a t e n c y  o f  

f e t c h i n g  p a g e s  f r o m  t h e  s o u r c e  n o d e  b e f o r e  t h e  V M  c a n  b e  r e s u m e d  o n  t h e  t a r g e t .  

  

  W i t h  t h e  a d v e n t  o f  m u l t i c o r e  o r  m a n y - c o r e  m a c h i n e s ,  a b u n d a n t  C P U  r e s o u r c e s  a r e  

a v a i l a b l e  w h i c h  c a n  b e  u s e d  t o  c o m p r e s s  p a g e  f r a m e s  a n d  t h e  a m o u n t  o f  

t r a n s f e r r e d  d a t a  c a n  b e  s i g n i f i c a n t l y  r e d u c e d .  

  M e m o r y  c o m p r e s s i o n  a l g o r i t h m s  t y p i c a l l y  h a v e  l i t t l e  m e m o r y  o v e r h e a d .  

  D e c o m p r e s s i o n  i s  a l s o  s i m p l e  a n d  v e r y  f a s t  

3 . 4 . 4  D y n a m i c  D e p l o y m e n t  o f  V i r t u a l  C l u st e r s  

  

  T a b l e  3 . 5  s u m m a r i z e s  f o u r  v i r t u a l  c l u s t e r  r e s e a r c h  p r o j e c t s  – W e  b r i e f l y  i n t r o d u c e  

t h e m  h e r e  j u s t  t o  i d e n t i f y  t h e i r  d e s i g n  o b j e c t i v e s  a n d  r e p o r t e d  r e s u l t s .  

o  C e l l u l a r  D i s c o  a t  S t a n f o r d  i s  a  v i r t u a l  c l u s t e r  b u i l t  i n  a  s h a r e d - m e m o r y  

m u l t i p r o c e s s o r  s y s t e m .  
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o  I N R I A  v i r t u a l  c l u s t e r  w a s  b u i l t  t o  t e s t  p a r a l l e l  a l g o r i t h m  p e r f o r m a n c e .  

o  C O D  w a s  d e v e l o p e d  a t  D u k e  U n i v e r s i t y  t o  s u p p o r t  d y n a m i c  r e s o u r c e  

a l l o c a t i o n  w i t h  a  v i r t u a l  c l u s t e r  m a n a g e m e n t  s y s t e m .  

o  V I O L I N  c l u s t e r s  w a s  b u i l t  a t  P u r d u e  U n i v e r s i t y  u s i n g  m u l t i p l e  V M  

c l u s t e r i n g  t o  p r o v e  t h e  a d v a n t a g e  o f  d y n a m i c  a d a p t  

 

  


