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Abstract—Virtualization tools are becoming popular in the context of
Grid Computing because they allow running multiple operating systems
on a single host and provide a confined execution environmenEmulators
and experimental tools like Microgrid and PlanetLab use muliple virtual
nodes on every platedorm nodes. Thus, to build a large scalenelator
for Grid/P2P experiments, developers have to select a virtuaation tool
among the available ones.

In this paper, we first present a set of metrics and related métodologies
for performances and for usability evaluation. We use thesenetrics to com-
pare 4 virtual machine technologies (Vserver, Xen, UML and VMvare), in
the context of large scale emulation.

The results of this study demonstrate that all the compareddols present
different behaviors with respect to usability, and scalablity in terms of
overhead, resource occupation and isolation. Thus this warwill help user
to select tools according to their application characteriics.

virtualization is used to confine the experiment of every use

a dedicated domain, referred to as a slice. In MicroGrid [3],
virtualization allows Globus applications to run withoubda
ification. The Grid eXplorer project (a large scale disttéxl
system emulator) [4] is relying on VM technologies to build a
distributed system emulator scaling to 100,000 virtualesd
running over 1000 physical nodes.

Large scale emulation of distributed systems immediately
raises the issues of 1) machine virtualization scalabdlitg 2)
Network characteristics. In this paper, we only focus on the
first issue. Although there are several previous works on QoS

for VMs (including research on fair-share [5]) and specific
scalability evaluation [6], to the best of our knowledgeréhe
L are surprisingly only a few published results on comparing
A. Mrtualization the scalability of VMs. There are neither benchmark suites

Virtualization is becoming a key feature of Grids where fior comparing VMs, nor clear metrics or methodologies. This
essentially provides the feature of abstracting some §pecpaper addresses this lack by 1) motivating, presenting, and
characteristics of the Grid infrastructure. The conceptofdiscussing metrics and methodologies and 2) using those
Virtual Machine (VM) is not recent and was proposed verjetrics and methods to compare four VM technologies. The
early in the history of computers. There are several appesacmetrics discussed and justified in Section Il are the foltayi
at the hardware and the OS levels. As presented in [1], e overhead of the virtualization technique (in terms of
example of pioneer works was the VM of the IBM 370. VMCPUs, memory, disk and network utilization), the effect on
were identical copies of the hardware where every copy ruperformance when the number of VMs increases, the isolation
its own OS. Currently, there is a trend toward the adoption between VMs (also in terms of CPUs, memory, disk and
the VM concept. Microprocessor vendors (AMD, Intel, IBMnetwork utilization), and the VM creation time.
etc.) are proposing new hardware mechanisms to improve
virtualization performance in their last generation ofgurots. In the next paragraph we present a short survey of system vir-
The main motivations of machine virtualization in the cortualization techniques. Section Il motivates and dessrihe
text of Grid and large scale distributed system experinmientaetrics we propose to evaluate the merits of VM tools. Sactio
platforms (PlanetLab, Grid eXplorer) are the following: alll presents our method of applying these metrics, and the mi
each VM provides a confined environment where non-trustetbbenchmark used for the evaluation. We compare four well-
applications can be run, b) a VM can limit hardware resour&@own virtualization tools (VMware, Xen, Vserver and UML)
access and usage, through isolation techniques, c) VM sllow Section IV. In the conclusion, we summarize what we have
adapting the runtime environment to the application irgteéearned in this study.
of porting the application to the runtime environment, d)
VM allows using dedicated or optimized OS mechanisn®& Survey of existing virtualization tools
(scheduler, virtual memory management, network protdool) _ _ . o
each application, e) Applications and processes runnitigjrwi I.n this article, we focu; on four wrtqahzatpn tools repea-
a VM can be managed as a whole. For example, time allodgtive of four main virtualization techniques :
tion can be different for every VM and under the control of a ® VMware [7] which provides a full processor virtualization
VM manager (also called scheduler, hypervisor or orchesira  * UML [8] with SKAS patch for the kernel replication tech-

nique

Machine virtualization currently plays a significant rofe i+ X€n [9], [10] and [11] for the paravirtualization

Grid and P2P research platforms. In PlanetLab [2], machines VServer [12] based on Security Context

I. INTRODUCTION



I[I. METRICS ANDMETHODOLOGIES replicated data sets). If the virtualization is constam. (inde-

We propose a set of metrics, on a per resource basis, divi&?@hdem o:ithetzi nrl:m)l? er (?: Vr:rtt?ril macr:]hmlzst)), thin tfrf]i?\ mfaxm:ium
in two classes: performance and usability. For every metr%f th: r?prgnbcear(;‘ '?t ez:IUmce)xch'neessrsnﬁyn thee&; al'ca(ta' digl";:
we propose a method to evaluate the merit of the virtuatimati u virtu : unning ppiicat

system. This method will be used in the next section to CO|Enpt _pllcatllpn :.ake_s a tlme;todrun ona V|rtt|ual Q&Chlphe’ then., i
the virtualization tools. is application is executed concurrently o’/Ms, the maxi-

mum of the application execution time i8hax = O, + t x n,

A. Performances whereQ, is the virtualization overhead for 1 VM.

In this part, we will focus on metrics related to the maching 3 Perf isolat
virtualization performances. A virtualization tool shduéx- ™ erformance isolation

hibit a low constant virtualization overhead and allow perf  there gre different definitions of performance isolatiod an
mance isolation between virtualized machines, indepenafen , consensus yet about how VM should behave with respect to
the number of running virtual machines. For all metrics, Wgjis parameter. In principle, performance isolation eesthat
provide a simple formula, which will be used in the evalugy 5 sityation of load imbalance between VMs, all VMs will
tion section as a performance reference. These formulas Qﬁﬁget and equal access to the machine resources. Diensss
also intended to give a strict definition of the metrics. Aése \;iin\vm designers and users lead us to the conclusion that, fo
metrics will be used for the four resources of virtual maesin ¢o e of them, the performance isolation should be performed
(CPU, memory, network and disk). As discussed in the préyjaqyeen processes while the others consider that it shauld b

ous section, real applications and OS benchmarks often-mafi tormed between VMs. Because this topic is still under dis
lize several resources simultaneously or concentrate osp®S cussion, we will only present the respective isolation abtr-

cific operations, making it difficult to understand the impal. sics of the VM technologies without deciding which polisy
the virtualization tools on every resource. So, we delitédya ».qrect”.
choose very simple microbenchmarks, each of which stresses
single resource. Their simplicity allows us to show the aloi
ity limitations of virtualization tools, on a per resourcasis.
CPU measurements use a program that iteratively comp
an estimate of/2. This test was chosen because it MK, the case of a scheduling by VM : before the end of the appli-
mizes the memory usage. Memory measurements use a g

ram stressing the memory and with nealicible computatio ation running on VM1, half of the machine resources should
9 9 mory a . 919 P De allocated to every VM. After the end of the application-run
repeated sums of two big matrices in a third ofig; = A; ; +

B, +C ; with the following initialization: A, , — B, — i+ ning on VML, half of the resource should be allocated to every

andC,, — 0. Network measurements use the Nétperf bencg—]the 2 applications running on VM2. The application of VM1

mark. Disk measurement use a disk duplication tools (ddej?ould terminate the execution before VM2. More formally if

. . T, is the execution time of an application on a single VM, b)
read only). The memory and computation consumption of Net- o S
«1 andT,, are the execution times of the same application on

VM1 and VM2, then performance isolation should be illustcht
by the following relationT,; = 27, andT,> = 3T,/2.

To measure performance isolation we run two VMs concur-
rently (VM1 and VM2), executing 1 application on VM1 and

utt\go copies of the same application on VM2. In the case of a
scﬁeduling by process : all VMs shloud finish at the same time.

perf and dd are negligible compared on the activity they isepo,
to the network and disk.

A.1 Overhead
To evaluate the virtualization overhead due to the virasali A.4 Communications between Virtual Machines

tion mechanisms, we compare the execution time of an appli-several VMs will run on the same machine, possibly ex-
cation running on a non-virtualized O3 with another in- changing messages. The communication performance (band-
stance of the same application run within a single VN|.{). width and latency) depends on how the virtualization imple-
The overhead may be negligible for a single VM and becomggents internal communication between VMs. The performance
significant when several VMs run concurrently (context stwit may also evolve with the number of running VMs on the host
overhead may exist even if no application is executed on thgychine. The benchmark used to evaluate the inter-VMs com-
other VMs). So we also compaf, with 75, whenn VMs  mynication performance is based on Netperf. Each VM runs a
run concurrently. In this scenario, only a single VM actyallnetperf server and Netperf client, and all VMs are conneited
runs the application. The other— 1 VMs are free of applica- 3 ring topology. All Netperf executions are synchronizefbbe

tion. O, = Ta, — T, gives a reference virtualization overheadneasurement. We run the test with 10 concurrent VMs. The
Oun = Tany — T4 gives the virtualization overhead farVMs.  regyt of this test should give the bandwidth available ferg

. . VM.
A.2 Linearity

To evaluate changes in the performance as the number of BN -Usability
ning virtual machines is increased, we first measure theuexec
tion time of an application running on a single virtual maehi  In this part, we present criteria distinguishing virtuation
Then we measure the execution time of the same applicat&ystems by some usability criteria. Indeed, some factstsice
running concurrently on several virtual machines (withgame the number of simultaneously running VMs.
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B.1 Startup time with 1024Kb of cache, 3 GB of main memory, Ultra ATA hard
Startup time is an important characteristic of a virtualizafjISk of 806? 2ntd Br(t)r?dcgTIL?(?’[I)EGtgelrgelg_?tg.fan:t '\é?lfhmets

tion tool, especially in a system where there are frequent %e_tcr(])nnec ed together L- ) Igabl eme

configurations. It is a part of the responsiveness of the viviten. . .

tualization tool. We consider the following metric : the ém . Her_e are the host and guest kernel settings for the different
| hn VM Il VM . v L V|rtuaI|zat_|on too_ls: _

to launchn > & s being started concurrently et UML : Linux with a 2.6.7 kernel patched with SKAS (Sepa-

Tstartup D€ the time to boot ath VMs, we havel ;o iy = . . .
: : . ate Kernel Address Space) for the physical machine andxLinu
max(startup[l,n]). This metric can be affected by different ith a 2.4.26 kernel for every VM.

services launched during the boot sequence (like a S'Shr};erv(%NVMware: the host OS was Linux with a 2.4.28 kernel and the

B.2 Memory occupation guest kernels were 2.4.28. _ _

- Vserver: The host OS was Linux with a 2.4.27 kernel patched

Memory occupation is a factor limiting the number of VMsyjith linux-vserver-1.29 and util-vserver-0.30 to managdd.V

running simultaneously. In some systems like UML, the amiounxen: The host OS was Linux with a 2.6.9 kernel patched for
of memory allocated to every VM can be specified. In some oten, the guest OS ware running 2.6.9 kernels patched for every
ers virtualization tools, we need to measure the memoryacuy/,.
tion of every VM. We also measure the memory occupation ¢hese settings correspond to those recommended by the virtu
the virtualization tools (another aspect of the memorylead)  jjization tools developers. To improve fairness we triedver
and how it varies with the number of running VM. To evaluaigjith the kernel 2.6. However, this version is known to be anst
the memory occupation, we measure the physical memory gs and we were not able to run all the tests correctly with thi
cupation before the execution of the virtualization sys{@mt yersjon. For VMware, Linux 2.4 kernel allows launching more
after the boot of the physical machine). Then we measure thgis (50) than with kernel 2.6 because of memory occupation.
memory when all VMs are booted and spin waiting (no applicgyr Xen, we restricted the number of VMs due to a limitation in

tion is running). On some systems like Xen, VM are launchgfle number of IRQ manageable by the machine.
from another VM (domain0). The physical memory of the host

machine is not entirely visible from this VM (it can only ac-B. Measurement protocol
cess its own memory). A configuration file stores the amount of 4 following summarizes the measurement protocol:

memory to be reserved for every VM. A simple runtime checkrime measurements related to CPU and memory use "gettime-
allows verifying this value. Globally: led/,cq») be the to- ofday” (microsecond precision)

tal memory occupation faz VMs, My yy; the memory used by _ time measurements related to disk use the value returned by
VMi and M,;,,; the memory (overhead) used by the V|rtuaI|zardd,,

tion system, thenMyca(n) = Sum(My M([1,n]) + Mioor- - For network measurements, we use Netperf which returns a

bandwidth value from a fixed timing

- When many applications need to be launched simultaneously,
In this section, we present the experimental conditionsl usge use "rsh” in parallel to launch them on the VMs. The time

to evaluate the merits of UML, VMware, Vserver and Xen. Weetween the first launch and the last one is insignificant com-

tested and compared merits of these four tools. For allalirtu pared to the application execution time

ization tools we evaluated separately four resource typP&J( - For performance isolation tests, we launch 3 executioniseof

memory, disk and network). The evaluation measured thremme application simultaneously on 2 VMs. We measure the

main parameters: linearity, overhead, and performandea-isgerformance for every application

tion. Altogether this gives a three dimensional view reagir - Before every set of tests, the machines are rebooted (excep

a set of 48 distinct experiments and systems settings. t-inef@r the startup measurement)

ity as well as overhead measurements multiplied the nunfber o

experiments due to the necessity to scale the number ofabirtdV. SCALABILITY EVALUATION OF FOUR VIRTUALIZATION

Ill. EXPERIMENTAL SPECTRUM AND CONDITIONS

machine from 1 to 100. Thus the following tables and graphs SYSTEMS

present a set of about 3000 experiment results. We presents the usability results in the first part and the per
The four virtualization systems tested and compared in thigmance comparison in the second part.

paper are:

- UML version for kernel 2.6.7 A. Usability

- Vserver version 1.29 We start presenting the startup time and then present mem-

- Xen version 2.0 ory and disk occupation for the 4 virtualization tools. Ntitat

- VMware Workstation 3.2 and GSX version. We will only givehe startup time could also be considered as a performaice cr
limited comments on VMware GSX versions due to the Stn?érion, since some Grid app”cations will require the dyr[am

limitation of result publication imposed by the VMware Iie®®. instantiation of virtual machines.
A. Experimental conditions A.1 Concurrent startup time

To test the four virtualization systems, we have used PC’'sWe observed that the VM initialization time can be signifi-
with AMD Opteron processors (1 per PC) running at 1.8GHzantly shortened if they have already been launched in &sess



Cold start up| Hot start up
Vserver (100 VMs) 460s 30s
UML (100 VMs) 1040s 160s
Xen (50 VMs) 860s 860s
VMware (50 VMs) 1400s 810s

Fig. 1. Cold and hot concurrent startup time for the 4 virtzgtion tools

onds

[&]
(already in memory). So we present two sets of results: cofd
startup (VMs are not in memory) and hot startup when VMs are
already resident in memory.

For Xen, we restricted the number of VMs due to a limitation
in the number of IRQ manageable by the machine.

Table 1 demonstrates that Vserver outperforms Xen and
UML. In these systems, each VM launches its own kernel.
Vserver uses the physical machine kernel for all VMs. Faor
Vserver as well as for UML, hot startup is about 1 order of mag-
nitude faster than cold startup. Xen does not take advamtage
Hot start up. Vserver is much more dynamic that the other vir-
tualization tools. If the virtualization use case requiies VM
creation, then Vserver demonstrates a dramatic advantegye c
pared to other virtualization tools.

To our knowledge, no previous paper has presented such
scalability result highlighting a significant cost of vidlization
tools based on system virtualization (paravirtualizgtion

[%2]
A.2 Memory Occupation TSJ

Memory occupation has not been measured by an expe&-
ment. Xen, UML and VMware run one kernel for every virtual
machine. Since typical kernel configurations occupy betwee
2MB and 5MB of memory, obviously, from 200MB to 1/2 GB
of memory is required to run 100 VMs. This is a significant dif-
ference compared to Vserver, which only needs a single kerne
instance whatever the number of VMs is. Note that, in [9], the
authors present OS configuration obtaining a minimum mem-
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Fig. 2. CPU overhead according to the number of VMs.
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ory footprint of 6.4 MB for each Xen domain. There is als@ig. 3. Memory overhead according to the number of VMs.

an important difference in memory management between the 4
virtualization tools. Vserver VMs use and share the physica
memory of the host machine. VMs are not confined in memory
to some specific limit. In UML and Xen, VMs use the memory
reserved for them.

B. Performance

In this part we present and comment result related to the vir-
tualization overhead, linearity and performance isofafar the
four resources of the physical machine.

Seconds

B.1 Overhead

Figure 2 presents the CPU overhead (execution time of the
computational microbenchmark). As explained in the Sactio
II, we compare the execution time of a single applicationann
the host with the execution of the same application running o
VM while the number of VMs is increasing from 1 to 100. The
theoretical value of the overhead corresponds to the on@ whe
only a single VM is running. g

We can observe that when 1 VM is running, the virtualization
overhead is negligible compared to the execution on the host
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Fig. 4. Disk overhead according to the number of VMs.
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Fig. 5. Network overhead according to the number of VMs. Fig. 6. CPU linearity according to the number of VMs.
. . . 900 T T T T T T T T
OS for all virtualization tools. When the number of concutren ]
VMs is increasing, VMware and UML exhibit strong deviation ~ %% [ ]
from the theoretical curve. This deviation is almost linear 700 _/ R
for UML and quadratic or exponential for VMware. We o, E /ff/ E
have observed the same phenomena for VMware GSX. Xéh .
and Vserver exhibit near optimal scalability concerning thS > f = E
overhead parameter (curves like theoretical). g 400 F B 7
N B
300 B
In Figure 3 we present the memory overhead of increasing 0T ]
the number of concurrently running VMs. The application is Xen
. . Vserver :-----:
still runin 1 VM. 100 , VMware 3 [
. . . g Theoretical
The behavior of Xen and Vserver is nearly perfect keeping 0 b ' : : :
P . : 0 10 20 30 40 50 60 70 80 90
the same negligible overhead whatever is the number of mgnni Nunber of Ve

VMs. VMware and UML behaviors exhibit a large deviation
from the optimal. UML's memory overhead is erratic whiléig. 7. Memory linearity according to the number of VMs.
VMware’s overhead increases strongly with the number of

VMs.
nor deviations until 80 VMs and a 20% bandwidth degradation

far 90 VMs. VMware has a stronger performance degradation,

Figure 4 presents the disk overhead. We still measure the i ; 0
ecution time of the application while increasing the numafer INCreasing with the number of VMs from 20% for 10 VMs to
about 80% for 50 VMs.

VMs from 1 to 100. We use different kernels for the 4 virtu© - ' ) )
alization systems (2.6 and 2.4) and disks performancesare n An analysis of the virtual machine approaches in UML and

the same function of which kernel is running. Consequengy wMware lead us to suspect a high scheduling overhead as the
give one theoretical curve by virtualization system. reason behind their high overhead on the four resources virt

The first observation is that the different virtualizatioﬁ!'zat'on' To (_:onflrm this hypothesis, we have mstrqmeﬂi@d
Linux kernel in order to measure the scheduler activity. When

technologies have different disk overheads. UML exhibits t L . ;
lowest performance (by a factor of 3) and has the highest ovg}e machine is idle (the idle process is scheduled), thedsbbe

head, increasing linearly with the number of VMs. VMware ha§ activated between 4 and 8 times per second. When a single
a disk overhead as much as 40% higher than the one of Vservafi- O VMware VM is running (VM being idle too), the host
Unfortunately, as explained in the Section Ill, we were risea scheduler is called nearly 400 times per second. As a conse-
to run more than 50 VMs. The overhead increases sharply fr&t\ﬁence’ the host scheduler Io_oses processor cycles touetehe_d
40'to 50 VMs. Xen has a higher overhead compared to Vserf&f YMs. Vserver does not yield any overhead because of its
at 10VMs. However it does not increase with the number BFPlémentation. Actually, creating a new inactive VM leads

VMs in contrary to the one of Vserver. The disk overhead G New process ‘context’, not any scheQuIed process, even an
Vserver increases linearly of 60% for 100 VMs. idle one, being forked. Thus, schedule time measuremewotis n

suitable for this architecture.

Figure 5 presents the network overhead. For this test we m§a2 Linearity
sure application bandwidth reduction when using from 1 1 10

VMs compared to the host alone. The bandwidth is nearly opti-In contrary with the overhead measurement, for linearity we
mal for Xen, UML and Vserver, albeit UML exhibits some miscale the number of VMs executing the same application. For
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ol % 1 linearity benchmark.
= S ] Figure 8 presents the disk linearity. As already observed
= i S 1 for the disk overhead, the four virtualization tools exhibi
1k e different behaviors concerning the disk. So we also plotted
: ] the theoretical curve for all tools. Curves are plotted on a
logarithmic scale, so deviations are large. VMware, UML and
Vserver deviate from their theoretical curve, which is o t
0.1 ! ! ! ! ! ! ! ! ! case of Xen.

0 10 20 30 40 50 60 70 80 90 100

Number of - Vs Figures 9 presents the network linearity. Curves are lotte

Fig. 9. Network linearity according to the number of VMs. on a logarithmic scale, so deviations are large. Xen andvéser
exhibit a rather optimal linearity. Unfortunately, we weret
able to get meaningful experiment results with VMware and

a normal linearity the execution time should increase liiyea UML concerning the network scalability using Netperf. Ws-su

as a function of the number of concurrent running VMs. Afbect some timing and coordination weaknesses leading te ina

presented results are means of the execution time measuredurate measurement. We envision adapting the Netperf code i

all running VMs. We also give the standard deviation to che@i¢der to cope with this problem.

how the resource is allocated to the concurrent VMs. Sinee th

behaviors of the different virtualization tools for CPU, Mery B.3 Performance Isolation

and network are similar for 1 VM, we use only one theoretical Figures 10, 11 12 13 present the Performance Isolation (PI)
curve as'refer.ence: the one cons@ermg Vserver as re_mrerb(fthe4virtualizationtools for the simple scenario whehé\2s
_Forld|sk linearity, we show a theoretical curve for everyua- are running 3 microbenchmarks (2 on 1 VM and 1 on the other
|zat|'0n tool. ) ] . VM). First we observe, concerning the absolute performarice
Figure 6 presents the CPU linearity according to the numigg 4 virtualization tools, 1) similar performance on CPlém
of concurrent VMs_ running the application. CPU Iinearity_ OBry and network resources and 2) high performance diffeenc
Vserver and Xen is perfect from 1 to 100 VMs, Xen beingp the disk resource. Vserver and Xen provide the best per-
faster compared to the theoretical reference based on &fsefiprmance, Vserver outperforming Xen on the disk benchmark.
VMware and UML exhibit a poor linearity. Second, we observe that Pl is between VMs (similar execution
times between 2 instances of the benchmark running on the 2
Figure 7 presents the memory linearity according to the nuNMs and a shorter execution time for the third instance exe-
ber of concurrent VMs running the application. We obseree tlzuted on a single VM) except for the network, where all viktua
memory linearty of Vserver and Xen is perfect. VMware eXzation tools, but VMware, exhibit no Pl between VMs. In arde
hibit a poor linearity and UML results have a strong standatd explain the behavior of VMware, we have investigated sev-
deviation. eral hypotheses: a) Pl implemented in the virtual network de
The overhead of UML and VMware B.1 explain the bagice within VMs and b) Pl implemented in the VMware orches-
results of this two virtualization tools for the CPU and meyno trator (VM monitor) using packet drops. However, the experi
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Fig. 11. Memory performance isolation. Fig. 13. Network performance isolation.
UML Vserver Xen VMware
90 18 MB/s | 543 MB/s | 93 MB/s | 105MB/s
Fig. 14. Inter-VM communication performance when 10 VMs arecakag
80 Netperf inside a host
70
U)GO adds another layer of overhead, still requiring kernel tmkke
T¢ communications through a specific device but these kermels a
8 run in user mode.
%40
30 V. CONCLUSION
20 The evaluation of machine virtualization tools is a difficul
exercise. We have described a set of metrics (overheadydine
10 ity and isolation), and related microbenchmarks for the CPU
0 memory, disk and network resources. These metrics allaw tes
UML XEN Vserver VMware ing many aspects of these systems, performance as well as us-
ability.

We have used these microbenchmarks and metrics to better
understand the scalability limitations and merits of \atiza-
tion tools. Thus, we have compared 4 virtualization tools us
ing this methodology: VMware, UML, Vserver and Xen. We
ments conducted to validate these hypotheses did not catfirmglearly noticed strong limitations with VMware and UML, as
them. We suspect that the VM monitor explicitly implementgreviously published by other authors, but we have proviled

Fig. 12. Disk performance isolation.

fare share mechanism ensuring the Pl between VMs. detailed evaluation, identifying overhead, linearity goetfor-
o o ) mance isolation limitations for all machine resources. rvVee
B.4 Communication between VMs inside a single host and Xen clearly provide the better performance.

Table 14 presents the communication performance for 100Ses, on the same hardware with a "best effort” or oppor-
concurrent VMs executing the Netperf microbenchmark. tunistic like QoS (the performance of every VM will depend on

These results clearly demonstrate a large performanardifthe workload of the others). Vserver will accommodate more
ence between the virtualization tools.Surprisingly Xerfgee VMs and provide high performance communication between
mance is far lower than the one of Vserver. The only explantie VMs. But application should be compliant with the VM
tion we have about this performance degradation is relatedhosting kernel. Vserver will match for example scenarioesgh
the architecture of Vserver and Xen. In Vserver, all the VMe number of physical nodes running a distributed appdinat
are running as processes of the same kernel and inter-groegth a fixed number of processes may evolve from time to time.
communication is crossing the host loopback device. In XedML is the only one which can be runned by an unprivileged
communications should traverse a specific device conrgectirser.
the kernels and called a bridge. Thus the communications aré\ltogether we believe that 1) the result of this study willhe
not managed at the same level in both virtualization tooldLU users to select the VM technologies corresponding to the cha



acteristics of their application and 2) the proposed metsicd
benchmarks could help the VM designers by evaluating their
technology with a third point of view (close to user needs}, b
tween real applications and low level VM mechanisms bench-
marks.
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