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Abstract

Virtualization is the key technology which has provided smarter and easier
ways for effectively utilizing resources provided by hardware. Virtualization
allows multiple operative systems (OS) to run on a single hardware. The
resources from a hardware are allocated to virtual machines (VM) by hy-
pervisor. It is important to know how the performance of virtual switches
used in hypervisor for network communication affect the network traffic.
Performance of Linux Bridge (LB) and Open vSwitch (OVS) is investigated
in this study. The method that has been used in this research is experi-
mentation. Two different experiment scenarios are used to benchmark the
performance of Linux Bridge and OVS in virtual and non-virtual environ-
ment. Performance metric bitrate is used to benchmark the performance of
LB and OVS. The results received from the experimental runs contains the
ingress bitrate and egress bitrate of Linux Bridge and Open vSwitch in vir-
tual and non-virtual environment. The results also contain the ingress and
egress bitrate values from scenarios with different memory and CPU cores in
virtual environment. Results achieved in this thesis report are from multiple
experimental configurations. From results it can be concluded that Linux
Bridge and Open vSwitch have almost same performance in non-virtual en-
vironment. There are small differences in ingress and egress of both virtual
switches.
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Chapter 1

Introduction

Today cloud services are used by almost every individual using internet e.g. Gmail,
Microsoft SharePoint etc |[6]. Cloud services play huge role in shifting paradigm from
physical to virtual devices. Cloud computing has grown through years for being a cost
effective alternative for a reliable infrastructure [7]. Cloud computing plays a huge
economic role in many big telecommunication companies. Amazon invested in data
centers to increase utilization of hardware resources available. Most of the customers
(clients) just need an internet connection to operate with servers from distance. Net-
work devices today are used for running business-critical applications such as enterprise
resource planning, database management, customer relationship management and e-
commerce applications. Networking companies today have upgraded from rooms to
buildings for network devices, because devices like servers require operation and high
maintenance. Many IT companies are investing in solutions which can reduce these
costs and still maintain the same level of performance of the physical devices. Cloud
computing is a viable option for a growing I'T company for utilizing available hardware
resources effectively [8].

The core of cloud computing is based on a technology called virtualization. The growing
awareness in the advantages of virtualization has made bigger and smaller enterprises
to invest into virtualization technology. The virtualization in network access layer
presents a new prospects in how a network is identified. A device with multiple net-
work cards can operate as a switch by using virtualization.

Virtualization allows multiple operative systems to run within virtual machines run-
ning on same hardware. Virtual machine manager (VMM) allocates resources from
hardware for virtual machines. The other name for VMM is hypervisors and main task
of hypervisor is to allocate resources from hardware to run several virtual machines
simultaneously. Fach virtual machine represents a physical device. Multiple virtual
machines can run on same hardware while each VM can run a specific operative sys-
tem. Performance of virtual machine is dependable on factors like CPU, memory, hard
disk etc.

For maintaining communication between domain 0 (default domain) and guest do-
mains(virtual machines), virtual switches are used in hypervisor. In this research hy-
pervisor Xen is used to create virtual environment. Linux Bridge (LB) and Open
vSwitch (OVS) are virtual switches used in Xen hypervisor. How dataflow through
the virtual switches is affected, is the key factor in network performance of that vir-
tual environment. The aim of this study is to investigate how data traffic through
Linux Bridge (LB) and Open vSwitch (OVS) is affected in a virtual and non-virtual
environment.

1.1 Aims and Objectives

The aim of this thesis is to investigate how bitrate is affected by software solutions like
Linux Bridge and Open vSwitch in a virtual and non-virtual environment.
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1. Evaluate how the bitrate between two physical machines is affected by LB and
OVS in a non-virtualized environment.

2. Evaluate how the bitrate between two physical machines is affected by LB and
OVS in a virtualized environment.

1.2 Scope of thesis

This thesis report describes how bitrate through virtual switches LB and OVS in virtual
and non-virtual environment is affected. How bitrate performance is affected by varying
resources like CPU cores and memory in virtual environment is also presented in this
thesis.

The experiments are conducted on a laboratory test bed to evaluate differences in
ingress bitrate and egress bitrate of system running virtual switches. Packet size and
inter gap time in data flow are varying. Results have been collected and statistical
calculations for all data retrieved from experiments are presented in this thesis report.

1.3 Problem Statement

Virtual switches today are an important part of the cloud networking architectures.
Almost all cloud frameworks supports LB and OVS. Virtual devices allows users to
add some flexibility in configurations. A device containing multiple network cards can
operate as a switch by using virtualization. The usage of virtual switches is increasing
rapidly due to virtual switches limits the usage of physical switches, which makes it
easier for network administrator. The performance evaluation of virtual switches is
important due to performance of virtual switch have a key role in network performance
of virtualized environment.

1.4 Research questions

1. How bitrate is affected by LB in non-virtualized environment?
2. How bitrate is affected by OVS in non-virtualized environment?
3. How bitrate is affected by LB in virtual environment created in Xen hypervisor?

4. How bitrate is affected by OVS in virtual environment created in Xen hypervisor?

1.5 Research Methodology

The methodology which is used in this research is described in this section. The meth-
ods and experiments scenarios used in this study are also motivated. The methodology
used in this research is experimentation and validation. Two experiment scenarios are
designed to measure the performance of LB and OVS under varying parameters. The
entire research methodology can be divided into three phases.

In first phase, a theoretical study around different performance evaluations on hypervi-
sors and software solutions are conducted. The theoretical part contain mostly reading
journals, research papers etc., to obtain quality information about research area.

The second phase in the research is practical study, which contains two experiment sce-
narios. These two experiment scenarios are bare metal scenario and hypervisor scenario.
The main reason for choosing this approach is simplicity of the experiment. Having
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two different scenarios will provide better understanding about the performance of vir-
tual switches in virtual and non-virtual environment. Performing a similar research
in a simulated environment will lead to complex mathematical models. Many of the
tools used in this research are complex to implement in simulated environment. Both
scenarios contain three components Sender, System under test (SUT) and Receiver.
A UDP traffic generator generates traffic from sender. The data traffic goes to Re-
ceiver through SUT as shown in Figure 1. There are measurement points located
between Sender and SUT and between Receiver and SUT. Information about data
traffic is collected by measurement point. Traffic captured by measurement is handled
by Distributive measurement infrastructure (DPMI). The traffic captured from both
measurement points are compared and differences in traces are analysed.

v
b4

[y

Sender System under test Receiver

Figure 1: Traffic from sender to receiver

The traffic sent through experimental scenarios consists UDP traffic. Packet size and
inter gap time vary in configurations. Each experiment scenario contains five different
configurations in which the inter gap time interval is increased. The packets are dis-
tributed with uniform distribution between sizes of 64 bytes to 1460 byte. By changing
the packet size and inter gap time continuously, the pattern of traffic going through
software switch will be varying. The experiment scenarios mentioned in this research
are repeated with different configurations with different memory and CPU. The goal of
these configurations is to affect the performance of hypervisor and software solutions,
which will provide a better understanding about the behaviour of the system. The
third phase the data collected from experiment run is collected and analysed.

1.6 Related Work

The authors in paper [4] have proposed how Open vSwitch can be used to solve prob-
lems as joint-tenant environments, distributing configuration, mobility across subnets
and visibility across hosts. Authors have also mentioned about throughput differences
between Linux Bridge and Open vSwitch.

In paper [9] authors have proposed an experimental scenario to evaluate performance of
virtual switches Linux switching appliance (LISA), OVS and an off shelf switch Cisco
WS-C3750- 24TS-E Switch. Authors have concluded that physical switch performs
better than pc-based switches. The paper also presents that the performance of OVS is
slightly better than LISA is also presented in the paper.

In paper [10] the authors have performed a security evaluation, QoS evaluation and
network performance evaluation of OVS. The authors have connected two Xen servers
through a router. Two virtual machines are being run on each Xen server. Communi-
cation between virtual machines is tapped and data traffic is generated by a network
performance tool NTttcp. The data captured is analyzed and the authors have con-
cluded that OVS can isolate the communication between virtual machines in different
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virtual subnets.

In research paper [11] the authors have presented a performance evaluation of OVS in
KVM. The authors have concluded that packet processing in a virtual switch should
be considered when allocating CPU resources to virtual machine.

In research paper [12], the authors have presented a method to use throughput statistics
to measure the quality of network. A measurement architecture is presented in which
outgoing traffic from Sender and incoming traffic to receiver is captured by wiretaps
(MP). Algorithms using link capacity for managing payload of captured data packet
are also presented.

In research [5], author have presented an algorithm in which throughput calculations
can be done by counting bits from packets inside sampling time interval and parts
of packets outside sampling interval. An error estimation of timestamp accuracy of
measurement, point and sampling frequency is also presented.

1.7 Motivation

The main aim of performing this study is to evaluate the performance of LB and OVS
in virtual and non-virtual environment. The hypervisor used in this experiment is type
1. The main reason for choosing type 1 is that it provides better performance than
type 2 [13]. Virtualization is being used in both smaller and bigger networks today.
In virtualization the virtual switch performance has a key role when it comes to total
device performance. Software based packet forwarding using service has an important
role in networking today. The virtual device usage is going to increase, therefore it is
important to performance evaluate the virtual switches.

Multiple data streams are forwarded through the virtual switch. The data flow going
through the virtual switch has two varying factors, inter gap time and packet size. The
goal of these configurations is to analyse how varying factors like inter gap time and
packet size effect the performance of virtual switch. The results in this research are
outcome of several experiments performed in experimental setup. How data traffic is
being affected by virtual switch is measured by evaluating variations in ingress bitrate
and egress bitrate.

1.8 Main contribution

This thesis describes two experiment scenarios which can be used to measure the per-
formance of virtual switches in virtual and non-virtual environment. Statistical results
of how data traffic through LB and OVS is affected are also presented.

1.9 Thesis Outline

In this section, outline of thesis report is presented. In section 2, background about
the research area is presented. In section 3, experimental setup for this research is
presented. In section 4, analysis and results are presented. In section 5, the conclusion
and future works of this research are presented.



Chapter 2

Background

In this chapter, virtualization concept, virtualization techniques, hypervisor and overview
of Xen are introduced. These concepts are involved with our research and background
knowledge will make it easier for the reader to understand this thesis report.

2.1 Virtualization

Virtualization technology has its origin from the late 1960’s and 1970’s [14]. IBM in-
vested a lot of time and resources into developing robust-time sharing solutions. The
main goal of these investments was to increase the efficiency of expensive computer
resources. Networking devices like server can provide so many resources today, which
are impossible for most workloads to use it effectively. Virtualization is one of the best
ways to improve utilization. There are many advantages with virtualization. Cost ben-
efit, Flexibility, lower energy consumptions are to mention few of them. Disadvantages
with virtualization are hard disk failure on a device running virtualization will restore
all the physical and virtual servers. There are many concerns about multiple devices
running on same hardware [15] [16].

There are several components working together for virtualization to be functioning
properly. One of these key components is a virtual machine manager (VMM). The
main task of virtual machine manager is to allocate the resources for virtual machines.

2.2 Virtualization Techniques

Full virtualization
In full virtualization each virtual machine is provided with all the services of a
physical system. These services includes virtual bios, virtual devices and virtual
memory management. The guest OS in full virtualization is not aware of that it
is being virtualized. In full virtualization hardware assist and operating system
assist is not required for virtualizing privileged instructions [17].

Para virtualization
Para virtualization (PV )is virtualization technique introduced by Xen project
team [18]. It is a lightweight and an efficient technique that doesn’t require
extensions from CPU. PV can be used to enable virtualization on the hardware
which do not support hardware assisted virtualization.

Hardware assisted virtualization
Hardware assisted virtualization is a technology which provides a new privilege
level. The hypervisor is run at Ring 1 and the guest operating systems can be
run in Ring 0 [19]. Hardware assisted virtualization requires intel-VT or AMD
extensions.
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2.3 Hypervisor

Hypervisor is a key component used in virtualization. A hypervisor allocates resource
for virtual machines created on hypervisor. Resources like CPU, memory, hard disk
etc. are allocated by hypervisor for the virtual machines running on the hardware.
There are two types of hypervisor type 1 and type 2 (hosted).

Type 2 Hypervisor

[ =

Type 1 Hypervisor

Hypervisor

Hypervisor

Host 05

Hardware Hardware

Figure 2: Types of hypervisor [1]

2.3.1 Typel

Type 1 hypervisor is also called native or bare metal hypervisor. Type 1 hypervisors
runs directly on the hardware as shown in figure 2. The bare metal hypervisor allo-
cates resources like disk, memory, CPU etc. for guests running on hypervisor. Some
hypervisor requires a privileged guest virtual machine called Dom 0. This domain is
used for managing the hypervisor itself. Type 1 hypervisor is mostly used in server
virtualization.

2.3.2 Type 2

Type 2 hypervisor is run on the operating system. It requires full host operating
system in order to operate correctly. Type 2 hypervisor runs on host operative system
as shown in figure 2. The main advantage of the type 2 hypervisor over type 1 is that
type 2 generally has a fewer driver issues, because the operating system can interact
with hardware.

2.4 Overview of Xen

Xen is one of the most commonly used open source hypervisors today. Xen hyper-
visor was introduced in 2003 and has been developed and maintained by researchers
and developers from all over the world. Xen hypervisor can be downloaded as source
distribution and a lot of documentation is available to handle different functionality
provided in Xen [20]. The virtual machines created by Xen has several options when it
comes to communicating with devices both inside and outside Xen. Two virtualization
technologies are supported by Xen Para virtualization and hardware virtualization.
In figure 3 overview of architecture of Xen is presented. Fully virtualized (HVM)
and Para virtualized (PV) guests can be run on Xen. Dom 0 contains Toolstack and
drivers need for the hardware. Toolstack can be used to configure vin’s running on
Xen. Toolstack also provides a command line interfaces and graphical user interface.



Chapter 2. Background 7

Console

. i, [,

Toolstack Applications Applications Applications
Dom0 Kernel Guest OS Guest OS Guest OS

/ PV front

Figure 3: Overview Xen architecture 2]

2.5  Virtual Switches

In virtual environments, virtual machines are connected to virtual interface instead of
physical interfaces. Virtual switches provides the connectivity between virtual inter-

faces and physical interfaces. Two of the most commonly used virtual switches are
Linux Bridge and Open vSwitch.

2.5.1 Linux Bridge

Linux Bridge has been the most commonly used configuration in Xen for handling the
communication. A bridge is a way to connect two network segments. In figure 4, a
bridge has been created between a physical interface and virtual interfaces. A Linux
Bridge operates as a usual network switch. Network bridging is performed in the first

two layers. The bridge forwards traffic by looking at the MAC-address which is unique
for each NIC [21].

Computer
Backend (driver) domain guest domain
198.51.100.1 domUe.g. dom4
o
é Q %8 Software bridge
2 'g b 198.51.100.27
Y 8y E =
B %" vif4.0 = etho | |
L (netback) E (netfront)
5 [ ®
] E
H eth0 é guest dom?
| ® . | 198.51.100.32
=
vif7.0 f eth0
(netback) é {netfront)
[ *

Figure 4: Bridging |3|
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2.5.2 Open vSwitch

Open vSwitch (OVS) has been around since 2009 but was not presented as a contender
to Linux Bridge before 2014. OVS provides same functionality as Linux Bridge but
can also provide layer 3 functionality, which is not provided by Linux Bridge. Open
vSwitch is a virtual switch licensed under the open Source Apache 2.0. Open vSwitch is
used in multiple products and also in multiple testing environments [22]. Organizations
like Open Stack, Open Nebula have started using OVS as default configuration in their
networking framework [23]. In figure 5 network architecture is of OVS is presented.
Traffic can be forwarded through two ways Fast path (kernel) and Slow path (user
space).

VM VM VM

VIF VIF

‘Management Domain . 'E A

Slow Path (Userspace) |<—» Fast Path (Kernel)

| Ext. Interfaces | | PIF | | PIF |

Figure 5: Open vSwitch [4]
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Experimental Setup

The experiment setup used in this research for benchmarking the performance of Linux
Bridge and Open vSwitch is described in this section. A network disk is used to save
all the logs and traces, which are created during the experiment runs. A distributive
passive measurement infrastructure (DPMI) is used to run experiments and collect the
results. CPU core count and memory size are altered in all experiment configurations.
These parameters are altered to investigate how virtual switches in different configura-
tions affect bitrate. The data flow have two varying factors, inter gap time and packet
size. The inter gap time varies between back to back (zero inter gap time), 0.001-0.01
ms, 0.01-0.1 ms, 0.1-1 ms and 1-10 ms. All intervals of inter gap times are distributed
with uniform distribution. The packet size is also randomly distributed with uniform
distribution between 64 bytes to 1460 bytes. In figure 6 experiment scenario used in
this research is presented.

The purpose of choosing inter gap time values, is to stress the virtual switch. By vary-
ing inter gap time values and random packet size, data traffic in experiment scenario
will represent more realistic network traffic. The size of packets is distributed between
64 bytes to 1460 bytes due to avoid fragmentation of packet. Default MTU was used
during all experiment scenarios. 15,000 packets was sent from sender to receiver. The
main reason for that was to spread satisfactory packet size between 64 bytes to 1460
bytes.

The main reason for choosing different memory and CPU core count in virtual exper-
iment scenario, is to investigate how virtual switches perform under different factors
like memory and CPU. The experimental configuration with memory 1024 MB and 4
CPU is to investigate the performance of the virtual switches in virtual environment.
The experimental configurations with 512 MB and 256 MB are used for investigating
the virtual switch performance when the memory is decreased. The CPU cores were
configured to one in last two configurations due to the purpose of this scenario, which
is to stress the switch as much as possible.

The experimental setup in figure 6 is used to measure the performance of LB and
OVS in virtualized and non-virtualized environment. SUT is running virtual switches
as bare metal in scenario one to measure the performance of virtual switches in non-
virtual environment. In scenario 2 Xen hypervisor is installed on SUT to measure the
performance of virtual switches in a virtual environment. There are four devices in
figure 6 called Stress pc 1, Stress pc 1-1, Stress pc 2 and Stress pc 2-1. Stress pc 1 and
Stress pc 1-1 have IP address 10.0.1.10 and 10.0.1.11. Stress pc 2 and Stress pc 2-1
have IP address 10.0.2.10 and 10.0.2.11. Each device is pinging to another device on
same network. Traffic from these devices is being forwarded through the virtual switch
being used in experiment scenarios. The main goal of these devices is to constantly
update mac address table of virtual switch being used in experimental configuration.
The experiment scenarios are explained briefly in section 3.2 and 3.3.

Non virtual experiment scenario has two different configurations OVS and LB. Each
configuration is run with inter gap time mentioned in section above. Each experiment
is run 40 times. Virtual experiment scenario has three different configurations in which
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memory of dom(0 and CPU core count are changed between 1024 MB with 4 CPU
core, 512 MB with 1 CPU core and 256 MB with 1 CPU core. Each experiment is run
through NTAS and results from each experiment configuration are saved on a unique
trace file. Every configuration has 40 different trace files. The experiment setup is con-
nected within DPMI and data from experiments is captured by measurement points
connected to experiment scenario. A tool name bitrate is used to analyze every run
in all experimental scenarios. Statistical values for individual runs are calculated. An
average of statistical results mean, standard deviation, max, min and variance of coef-
ficient are presented in tables in section Appendix.

m] =]

Stresspc 1 tresspc2
100.1.10 10.0.2.10

o E =

System under fest Receiver

10.0.0.2

Sender

Ky

g

el

Stresspcl 1 Stresspc2_1
100111 100211

Figure 6: Experiment Scenario

3.1 Hardware and software specifications

In this section hardware and software specifications for devices used in this research
are presented.

3.1.1 Hardware Specifications

System under test

Model name Dell T110

Processor Intel(R) Xeon(R) CPU E3-1230 V2 @ 3.30GHz
Operating System | Ubuntu 14.04 LTS

Ram 16 GB

Hard disk 1TB

CPU core 4

Table 1: Hardware Properties of System under test
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3.1.2 Software Specifications

Hypervisor Xen 4.4

Operating system SUT | Ubuntu 14.04 LTS
Sender Ubuntu 12.04.5 LTS
Receiver Ubuntu 12.04.5 LTS
Open vSwitch Version 2.0.2

Linux Bridge Version 1.5

Table 2: Software Properties of System under test

3.2 Non-virtual experiment setup

The bare metal experiment scenario consists of Sender, Measurement points, System
under test and Receiver. This experiment scenario is designed to measure the per-
formance of software switches in non-virtual environment. The software specifications
used in this experiment are described in Table 2.

The receiver and sender are connected with 100 Mbps links. In between sender and
receiver, measurement point and system under test are located. Both Receiver and
Sender are connected to a network drive in which traffic generators are implemented.
A UDP traffic generator is run on the sender to generate traffic. Traffic will flow
through measurement point, which mirrors the traffic and creates a trace file based on
the filter configured on the measurement point. LB or OVS depending on configura-
tion are run on the SUT in a non-virtual environment. The incoming traffic to SUT is
forwarded by virtual switch to the destination host.

The goal of this experiment scenario is to benchmark the performance of Linux Bridge
and Open vSwitch in a non-virtual environment. The data traffic flowing through the
experiment scenario has two varying factors, inter gap time and packet size.

3.3 Virtual experiment setup

The experiment scenario 2 contains Sender, measurement point, SUT and Receiver.
The main goal of this experiment is to benchmark the performance of software solu-
tions in a virtual environment. The main difference between scenario 1 and scenario 2
is the XEN hypervisor running in SUT in experiment scenario 2.

Traffic is generated at sender and sent to the receiver. Traffic flow passes measure-
ment point, SUT, measurement point before it comes to receiver. A hypervisor has
been installed on SUT and virtual switches (LB or OVS) are running in Dom 0. The
memory of Dom 0 is also variated to analyze the performance of LB or OVS in virtual
environment. Measurement points capture traffic lowing in and out from SUT.

3.4 Tools used in Experiment scenarios

Several tools (hardware and software) are used in experiment scenarios mentioned
above. Some components which plays a crucial part in this experiment are mentioned
below.
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3.4.1 Traffic generator

Data traffic is one of the crucial factors in experiment scenarios mentioned above. The
software traffic generator used in this experiment scenario has to fulfill mathematical
properties and keep the essential properties of data traffic. The traffic generator used
in this research is UDP traffic generator [24]. Variations in data traffic which is sent
in both experiment scenarios is important to provide a better understanding of the
performance of software solutions implemented in SUT. UDP traffic generator allows
user to modify pattern of the traffic. In this experiment source address, port number,
packet size, inter gap time and number of packets are sent as an argument in UDP
traffic generator.

3.4.2 Measurement Point

Measurement points (MP) are wiretaps between the devices used in this experimen-
tation. MPs can be physical or logical. MP are used to capture the traffic lowing in
different scenarios. Traffic flow is mirrored on the measurement point and saved into a
trace file. Several metrics like timestamps, packet size etc. can be calculated from these
traces. Dag 3.5FE are implemented in measurement points for link level measurements.
Dag 3.5E uses FPGA (Field Programmable Gate Array) to capture and timestamp
PDU’s on the monitored network [5]. Dag cards used in this research have timestamp
accuracy of 59.75 ns [25]. Three RJ45 connectors are available on the card, where two
connectors are used for capturing and one is used for synchronizing the card with GPS
or CDMA receiver [5].

3.4.3 Bitrate

Analyzing of the traces is a very important part of this research. The variations in
ingress and egress are very narrow to each other. Multiple traces are created during
the experiment. Tt is quite important that all of the traces are tested under same
conditions. Bitrate tool is used in this research to analyze the results. Bitrate tools
provide several options for analyzing a trace file [24]. In this experiment output format,
interface name, IP protocol, IP destination and sampling frequency arguments are the
options used to analyze trace files.
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Results

This section presents results from the experiment scenarios. The results from two
experiment scenarios conducted above are presented in tables. The values from all
experiments are presented in tables in Appendix. Multiple iterations have been run of
each experiment scenario and average have been calculated of the samples to obtain real
values. Inter gap time used in all scenarios is back to back (0 inter gap time), 0.001-
0.01 ms, 0.01-0.1 ms , 0.01-1 ms and 1-10 ms. The packet size has been uniformly
distributed between 64 bytes to 1460 bytes. The data flow from sender to receiver
contain 15,000 packets. Statistical values like mean, max and min are also calculated
to get a better understanding of the results. In section, 4.1 and 4.2 results from virtual
environment and non-virtual environment are presented.

4.1 Bare metal scenario

In tables below results from bare metal scenario are presented. In table 3 LB is con-
figured to forward traffic in SUT. The data flow from sender contains 15,000 packets,
has two varying factors packet size, and inter gap time. In table 3 the mean for ingress
bitrate and egress bitrate, standard deviation of ingress and egress and difference be-
tween ingress mean and egress mean are presented. In Table 13 in Appendix further
statistical calculations are presented.

Inter gap time [ms] 0 1-10
Ingress (kbps) 97059.21 | 1173.40
Egress (kbps) 97054.42 | 1173.26
Difference (kbps) 4.79 0.14
SD. (Ingress) 138.12 658.34
SD (Egress) 136.27 658.66

Table 3: LB Baremetal Ingress - Egress

In table 4 results are presented from experiment scenario while OVS is configured to
forward traffic in SUT. The data flow from sender contains 15,000 packets and has two
varying factors packet size and inter gap time. In table 4 the mean for ingress bitrate
and egress bitrate, standard deviation of ingress and egress and difference between
ingress mean and egress mean are presented. In table in Appendix further statistical
calculations are presented.
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Inter gap time [ms] 0 1-10
Ingress (kbps) 97056.73 | 1173.30
Egress (kbps) 97051.88 | 1173.15
Difference (kbps) 4.85 0.15
SD. (Ingress) 131.83 658.78
SD (Egress) 131.40 | 658.89

Table 4: OVS Bare metal Ingress - Egress

4.2 Virtual experiment scenario

Below are the results from performance of OVS and LB in a virtual environment created
by Xen hypervisor. The tables contain average ingress bitrate, egress bitrate, standard
deviation of ingress bitrate and standard deviation of egress bitrate.

4.2.1 Scenario 1024 MB with 4 CPU core

In this scenario, the virtual switches are operating in a virtual environment created by
Xen. The memory of dom0O has been configured statically to 1 GB and 4 CPUS are
assigned. In 5 statistical values mean of ingress, mean of egress, standard deviation for
ingress, standard deviation for egress and difference between ingress mean and egress
mean are presented. These results are from scenario where LB is configured as virtual
switch. Further statistical values are presented in Table 17 and Table 18 in section
Appendix.

Inter gap time [ms] 0 1-10
Ingress (kbps) 97042.23 | 1175.85
Egress (kbps) 97037.36 | 1175.64
Difference (kbps) 4.87 0.20
SD. (Ingress) 270.52 657.46
SD (Egress) 269.82 657.52

Table 5: LB 1024 MB 4 CPU

In table 6 statistical values mean of ingress, mean of egress, standard deviation ingress,
standard deviation for egress and difference between ingress mean and egress mean are
presented. These results are from scenario where OVS is configured as virtual switch.
Further statistical values are presented in Table 19 and Table 20 in section Appendix.

Inter gap time [ms] 0 1-10
Ingress (kbps) 97048.58 | 1172.83
Egress (kbps) 97044.51 | 1172.66
Difference (kbps) 4.07 0.16
SD. (Ingress) 198.63 656.86
SD (Egress) 196.38 657.49

Table 6: OVS 1024 MB 4 CPU
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4.2.2 Scenario 512 MB with 1 CPU core

In this scenario memory of dom0 has been configured statically to 512 MB and 1 CPU
is assigned. In table 7 statistical values mean of ingress, mean of egress, standard
deviation ingress, standard deviation for egress and difference between ingress mean
and egress mean are presented. These results are from scenario where LB is configured
as virtual switch. Further statistical values are presented in Table 21 and Table 22 in
section Appendix.

Inter gap time [ms] 0 1-10
Ingress (kbps) 97061.30 | 1173.32
Egress (kbps) 97056.25 | 1173.17
Difference (kbps) 5.05 0.15
SD. (Ingress) 145.22 658.42
SD (Egress) 146.22 657.49

Table 7: LB 512 MB 1 CPU

In table 8 statistical values mean of ingress, mean of egress, standard deviation ingress,
standard deviation for egress and difference between ingress mean and egress mean are
presented. These results are from scenario where OVS is configured as virtual switch.
Further statistical values are presented in Table 23 and Table 24 in section Appendix.

Inter gap time [ms] 0 1-10
Ingress (kbps) 97061.30 | 1174.57
Egress (kbps) 97055.40 | 1174.39
Difference (kbps) 5.84 0.18
SD. (Ingress) 145.22 658.60
SD (Egress) 177.85 659.35

Table 8: OVS 512 MB 1 CPU

4.2.3 Scenario 256 MB with 1 CPU core

In this scenario memory of dom0 has been configured statically to 256 MB and 1 CPU
is assigned. In Table 9 statistical values mean of ingress, mean of egress, standard
deviation ingress, standard deviation for egress and difference between ingress mean
and egress mean are presented. These results are from scenario where LB is configured
as virtual switch. Further statistical values are presented in Table 25 and Table 26 in
section Appendix.

Inter gap time [ms] 0 1-10
Ingress (kbps) 97051.22 | 1174.56
Egress (kbps) 97045.92 | 1174.42
Difference (kbps) 5.30 0.14
SD. (Ingress) 200.39 658.75
SD (Egress) 204.83 659.76

Table 9: LB 256 MB 1 CPU

In this scenario memory of dom0 has been configured statically to 256 MB and 1 CPU
is assigned. In Table 10 statistical values mean of ingress, mean of egress, standard
deviation ingress, standard deviation for egress and difference between ingress mean
and egress mean are presented. These results are from scenario where OVS is configured
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as virtual switch. Further statistical values are presented in Table 27 and Table 28 in

section Appendix.

Inter gap time [ms] 0 1-10
Ingress (kbps) 97060.05 | 1172.661
Egress (kbps) 97053.38 | 1172.49
Difference (kbps) 6.67 0.17
SD. (Ingress) 119.43 656.01
SD (Egress) 137.73 657.25

Table 10: OVS 256 MB 1 CPU
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Analysis

From the results of all the experiments, conclusions can be drawn for research questions
In this chapter points around the values presented in tables in result sections are
presented.

5.1 Non-virtual environment

In table 3 and table 4 results from bare metal experiment are presented. In table 3
it can be observed that when the inter gap time is 0, the difference between ingress
bitrate and egress bitrate is 4.79 Kb/s. The difference between ingress bitrate and
egress bitrate decreases when the inter gap time is increased between 1 -10 ms. A
similar pattern can be observed in table 4.

5.2 Virtual environment

In table 5 and table 6 the LB and OVS are running inside Dom 0 of Xen hypervisor.
Ingress and egress are tested in three different experimental configurations. The per-
formance of virtual switch in virtual environment is similar to non-virtual environment,
in the experimental configuration where the memory is 1024 MB and 4 CPU core. The
difference between ingress and egress bitrate was increased compared to the scenario
with 1024 MB and 4 CPU. This result can be seen in table 7 and table 8. The results
shows clearly for inter gap time 0O that there is an increase in the difference between
ingress and egress bitrate, when the memory of Dom0 is decreased, where only one
CPU is dedicated. Table 9 and table 10 shows the differences between ingress and
egress, which are highest compared to the other three scenarios (2 virtual scenario + 1
non-virtual scenario). The memory in the last scenario is configured to minimum 256
MB and only 1 CPU core is dedicated. Increase of difference between ingress bitrate
and egress bitrate while decreasing the memory, indicates that the performance of vir-
tual switch has been degraded somehow.

The results presented in this report are calculated when the data flow is in “steady
state”. The standard deviation when inter gap time is 0.01-0.1 ms and 0.1-1 ms, is
higher compared to the standard deviation of other inter gap times. Higher standard
deviation is more unreliable compared to other values. The high difference in values
have occurred because of the traces used to calculate bitrate are uneven. If a trace
is uneven, the difference between values can be very large which affects the bitrate
calculations.

5.3 Discussion

From the results above it can be observed that the performance of OVS and LB in
virtual and non-virtual environment is almost identical. Minor differences can be ob-
served when properties like memory and CPU core are changed in virtual environment.
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In non-virtual environment differences between ingress and egress occurs for both vir-
tual switches. The highest difference occurs at inter gap time 0.01-0.1ms. OVS has
slightly higher difference between ingress and egress than LB at same inter gap time
in non-virtual environment.

In virtual environment virtual switches have been tested in three different configura-
tions for dom0. These three different configurations are based on variating memory
and CPU count in dom0. The difference between ingress and egress for LB can be ob-
served in Table 5 , Table 7 and Table 9. The performance of LB seems to be reducing
when memory is decreased. The performance of OVS is also decreasing in different
configurations but not at the same rate as LB.

There are variations for performance between OVS and LB both in virtual and non—virtual
scenarios. The differences are very minor. These differences can occur due to many
reasons. In bare metal experiment scenario and in virtual environment scenario two
data streams are also being forwarded through the same switch. The goal of these
streams is to stress the virtual switch being used in experiment setup. The result for
each experiment configuration in table is an average value. The statistical value for
each run have been calculated in that experiment and average of these 40 values are
presented in tables above. Big differences between runs can lead to inaccurate results.
These factors can have effect on the performance of virtual switches.

5.3.1 Credibility of results

In the section of results, bitrate calculations from virtual and non-virtual environment
are presented. Factors like MP Timestamp accuracy and sampling frequency has got
a key role in the measurement results, which are presented above. The sampling fre-
quency used in this research is 100 Hz. Every experiment configuration has been run
40 iterations for calculating a narrow confidence interval. Time stamp accuracy for dag
cards used in this research has got an accuracy of 60 ns. [5].

The bitrate is calculated by the bits arriving in a time interval i, divided by the sample
interval duration Ty [5]. In equation below b,— are the bits which arrives from the
interval earlier, b;+ are the bits which was started in this interval and are continued
in next interval. b, are the bits which have completely arrived in this interval. T} is
sampling interval. The bitrate tool used in this research calculates bitrate on the same
principle as mentioned above.

T

B; = (1)
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Sampling frequency has a key role when calculating bitrate. Having a short sampling
frequeny can lead to large errors. All hardware and software have timestamp accuracy,
which will lead to errors in bitrate estimation. A rough error of estimation can be
calculated by the formula provided in equation below. T, stands for the sampling
frequency and T stands for the size of error related to accuracy of timestamp.

TAC' Ta @

In figure 7 an error estimation w.r.t timestamp accuracy and sample interval is pre-
sented. According to table below the sampling frequency used in this research will have

less error percent [5].

Ta

Tg 100 ns 10 us 1 ms | 10 ms ls
1s 10°% | 10°% | 01% | 1% [10°%
01s || 1074% | 1072% | 1% | 10% | 10*°%
10ms || 10°*% | 0.1% | 10% | 10®°% | 10*%
1ms || 1072% | 1% |102% | 10°% | 10°%
0lms | 01% 10% | 103% [ 10°% | 10°%
10 ps 1% 102% | 10°% | 10°% | 10" %
10% | 102% | 10°% | 105% | 10®%

1 ps

Figure 7: Percentage of error in time-based bitrate estimations , w.r.t timestamp acu-
racy and sample interval [5]
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Conclusion

In this research, performance evaluation of LB and OVS in non-virtual environment
and virtual environment is presented. From the results above it can be observed that
performance of OVS and LB is simulator in both environments. In non-virtual envi-
ronment only factor stressing the virtual switches is parallel streams flowing through
the virtual switch. There are some differences in ingress and egress bitrate values, but
these differences in these values are very minor. LB has lesser difference in ingress and
egress bitrate in virtual and non-virtual scenario.

In non-virtual scenario both virtual switches are somewhat affected when memory of
dom0 is decreased. Both LLB and OVS performance is decreasing in all the configura-
tions. The difference between ingress bitrate and egress bitrate is increasing when the
memory and CPU core are decreased. The queue to dom0 for arriving packets before
they are forwarded to destination can also have an effect on bitrate values.

Both switches has performed well in both scenarios. The difference between ingress
bitrate and egress bitrate for both virtual switches are minor. When choosing one of
these virtual switches for research or networking purposes, the functionality should be
considered. LB has performed well but it only provides layer 2 functionality. When
ingress values and egress values doesn’t differ so much, then its recommended to use
LB. OVS provides multilayer functionality, if minor differences are not important while
considering a virtual switch. That’s when OVS should be the first choice. The perfor-
mance metrics we have evaluated on these switches is bitrate. It can be observed in
the results that differences are so minor that perhaps other performance metrics like
packet loss and delay should be considered.

6.1 Research questions and answers

1. How is bitrate affected by Linux Bridge in non-virtualized environment?
Bitrate is affected by Linux Bridge depending on the inter gap time. Short inter
gap time for data packets will lead to decreased performance for LB. It can be
observed in Table 3, Table 13 and Table 14 that the differences between ingress
and egress are slightly larger when inter gap time is short, but the difference
was decreased when the inter gap time was increased. According to Table 3,
the performance of LB in non-virtual environment will variate. E.g. If we have
97 Mb/s bitrate incoming, output bitrate will decrease by 4.8 Kb/s if packets
are sent back to back. If we have 1.17 Mb/s average incoming bitrate, average
outgoing bitrate will be 0.14 Kb/s less.

2. How is bitrate affected by OVS in non-virtual environment?
Bitrate is affected in non-virtual environment depending on the inter gap time.
If the inter gap time between packets is short, it can lead to decreased perfor-
mance for OVS. In Table 4, Table 15 and Table 16 variation in ingress bitrate
and egress bitrate are slightly higher when inter gap time is short, but the differ-
ence decreases when inter gap time is increased. According to Table 4 the bitrate
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performance of OVS will variate E.g. if average incoming bitrate is 97.05 Mb/s,
average output bitrate will be 4.85 Kb/s less if packets are sent back to back. If
average incoming bitrate is 1.7 Mb/s, output bitrate will be 0.15 Kb/s less.

. How bitrate is affected by Linux Bridge in virtual environment created in Xen
hypervisor?

Bitrate is affected by Linux Bridge in virtual environment depending on inter
gap time and memory. In Table 5, Table 7 and Table 9 it can be observed that
difference between ingress bitrate and egress bitrate is increasing while memory
of dom0 is decreasing.

In virtualization there is a queue to dom0 for arriving packets before they are
forwarded to destination which also can affect the bitrate. The table below shows
how bitrate is affected by Linux Bridge in a virtual environment. According to

Inter gap Ingress Egress Difference
time [ms] | Memory | CPU core | poy o te (kbps) | bitrate (kbps) | (kbps)
0 1024 MB 4 97042.23 97037.36 4.87
1-10 1024 MB 4 1175.85 1175.64 0.20
0 512 MB 1 97061.30 97056.25 5.05
1-10 512 MB 1 1173.32 1173.17 0.15
0 256 MB 1 97051.22 970452.92 5.30
1-10 256 MB 1 1174.56 1174.42 0.14

Table 11: LB performance in virtual environment

Table 11, if average incoming bitrate is 97.05 Mb/s, average outgoing bitrate will
be 4.87 Kb/s less. If incoming average bitrate is 1.18 Mb/s, outgoing average
bitrate will be 0.20 Kb/s.

When memory is decreased to 512 MB and inter gap time is 0, the difference
between ingress and egress have increased. Average outgoing bitrate is 5.05 Kb/s
less than average incoming. If average incoming bitrate is 1.17 Mb/s, average
outgoing bitrate will be 0.15 Kb/s less for inter gap time 1-10 ms.

When the memory is decreased to 256 MB, the difference between ingress and
egress increases compared to scenarios earlier. For inter gap time 0, average egress
bitrate is 5.30 Kb/s less than average ingress bitrate. Average ingress bitrate is
1.17 Mb/s and average egress bitrate has decreased by 0.14 Kb/s.

From examples above it can be observed that the difference between ingress and
egress is larger compared to the difference between ingress and egress for lower
inter gap time and low dom0 memory for LB.

. How bitrate is affected by Open vSwitch in virtual environment created in Xen
hypervisor?

Bitrate is affected by OVS in virtual environment depending on inter gap time
and memory. In table 6, table 8 and table 10 it can be observed that ingress
bitrate and egress bitrate are increasing when domO memory is decreasing. In
virtualization there is a queue to dom0 for arriving packets before they are for-
warded to destination which also can affect the bitrate. In table below how bitrate
is affected by OVS in virtual environment is presented. According to table 12
if average incoming bitrate is 97.05 Mb/s, average outgoing bitrate will be 4.07
Kb/s less incoming bitrate. If incoming bitrate is 1.17 Kb/s, outgoing bitrate
will decrease by 0.16 Kb/s. If average incoming bitrate is 97.06 Mb/s, outgoing
bitrate will decrease by 5.84 Kb/s. If average incoming bitrate is 1.17 Kb/s,
outgoing bitrate will decrease by 0.18 Kb/s. If average incoming bitrate is 97.06
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Inter gap Ingress Egress Difference
time [fns] Memory | CPU core Bitrate (kbps) | bitrate (kbps) (kbps)

0 1024 MB 4 97048.58 97044.51 4.07
1-10 1024 MB 4 1172.83 1172.66 0.16
0 512 MB 1 97061.30 97055.40 5.84
1-10 512 MB 1 1174.57 1174.39 0.18
0 256 MB 1 97060.05 97053.38 6.67
1-10 256 MB 1 1172.66 1172.49 0.17

Table 12: OVS performance in virtual environment

Mb/s, outgoing bitrate will decrease by 6.67 Kb/s. If incoming average bitrate
is 1.17 Mb/s, outgoing average bitrate will decrease by 0.17 Kb/s.

6.2 Future work

This thesis work opens up for more opportunities for researchers who would like to
work with virtual switches in the future. The results from this thesis can also be used
to decide limitations of bitrate in a network design using virtual switches. The results
present in this research shows how bitrate is affected by virtual switches LB and OVS
in virtual and non-virtual environment. The variation in ingress and egress is very
small. In future it will be interesting to know what factors inside OVS and LB are
affecting bitrate. Results in this report shows how bitrate is affected by LB and OVS
in Xen hypervisor. It could be interesting to conduct experiment in KVM hypervisor,

in the future.
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Appendix

In this section numerical values calculated from the experiment scenarios are presented.
The tables below contains statistical values as standard deviation, Coefficient of vari-
ation, mean, max, min and confidence interval. Confidence interval calculated is for

95% confidence.

Linux Bridge Ingress

Ingress 0 0.001-0.01 | 0.01-0.1 | 0.1-1 1-10
gap time (ms)

Mean (kbps) | 97059.21 | 97047.52 | 96633.42 | 11572.02 | 1173.40
Max (kbps) | 97343.23 | 97343.99 | 97328.63 | 18186.23 | 4652.51
Min (kbps) | 96564.34 | 95777.66 | 70158.80 | 5949.38 | 82.86
Confidence 99.49 A7.64 650.58 | 128.08 | 13.94
Interval

Standard 138.12 922.97 | 3065.86 | 1907.22 | 658.34
Deviation

Coefficient of | ) 0.002 0.032 0.165 | 0.561
variance

Table 13: Bare metal LB Ingress
Linux Bridge Egress

Inter gap 0 0.001-0.01 | 0.01-0.1 | 0.1-1 1-10
time (ms)
Mean (kbps) | 97054.42 | 97043.18 | 96621.00 | 11571.95 | 1173.26
Max (kbps) | 97334.24 | 97340.35 | 97326.33 | 18136.96 | 4636.78
Min (kbps) | 96559.52 | 95794.64 | 69904.26 | 5924.41 | 78.37
Confidence 29.09 A7.07 656.51 | 128.78 | 13.95
Interval

Standard 136.27 | 220.31 | 3093.72 | 1917.74 | 658.66
Deviation
Coeflicient of | ) ) 0.002 0.032 0.166 | 0.561
varliance

Table 14: Bare metal LB Egress
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Open vSwitch Egress

Inter gap

) 0 0.001-0.01 | 0.01-0.1 | 0.1-1 1-10
time (ms)
Mean (kbps) | 97056.73 | 97053.05 | 96659.48 | 11542.87 | 1173.30
Max (kbps) | 97329.77 | 97328.68 | 97342.70 | 18387.67 | 4518.77
Min (kbps) | 96641.20 | 96180.33 | 71920.22 | 5738.56 | 84.85
Confidence |0 ) 37.46 601.44 | 12840 | 13.96
Interval
Standard | g1 eo0 | 175750 | 2836.141 | 1913.872 | 658.776
Deviation
Coefficient of | ) 0.002 0.029 0.166
variance

Table 15: Bare metal OVS Ingress

Open vSwitch Egress

Inter gap 0 0.001-0.01 | 0.01-0.1 | 0.1-1 1-10
time (ms)
Mean (kbps) | 97051.88 | 97048.30 | 96645.47 | 11542.83 | 1173.15
Max (kbps) | 97320.16 | 97324.25 | 97341.97 | 18439.25 | 4513.57
Min (kbps) | 96625.88 | 96174.38 | 71513.23 | 5775.25 | 80.34
Confidence | ¢ 0 37.44 609.72 | 128.90 | 13.96
Interval
Standard 131.40 175.65 | 2875.80 | 1921.40 | 658.89
Deviation
Coefficient of | 1) 0.002 0.030 0.166 | 0.562
varliance

Table 16: Bare metal OVS Egress

LB 1024 MB 4 CPU Ingress
Inter gap 0 0.001-0.01 | 0.01-0.1 | 0.1-1 1-10
time (ms)
Mean (kbps) | 97042.23 | 97058.80 | 96638.52 | 11561.41 | 1175.85
Max (kbps) | 97330.14 | 97338.26 | 97328.38 | 18358.99 | 4616.85
Min (kbps) | 95290.84 | 96572.83 | 71248.22 | 6101.48 | 84.88
Confidence | o 29.08 629.81 | 127.61 | 13.93
Interval
Standard 9270.52 136.09 | 2967.13 | 1899.66 | 657.46
Deviation
Coefficient of | 14 0.001 0.031 0164 | 0.559

variance

Table 17: LB 1024 MB 4 CPU Ingress
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Appendix A. Appendix
LB 1024 MB 4 CPU Egress
Inter gap 0 0.001-0.01 | 0.01-0.1 | 0.1-1 1-10
time (ms)
Mean (kbps) | 97037.36 | 97054.40 | 96622.51 | 11561.37 | 1175.64
Max (kbps) | 97328.44 | 97334.80 | 97321.41 | 18201.93 | 4612.41
Min (kbps) | 95290.71 | 96501.44 | 70622.06 | 6080.96 | 82.07
Confidence | . - 98.57 64253 | 12822 | 13.94
Interval
Standard 9269.82 133.84 | 3027.06 | 1908.76 | 657.52
Deviation
Coefficient of | 14 0.001 0.031 0.165 | 0.559
variance
Table 18: LB 1024 MB 4 CPU Egress
OVS 1024 MB 4 CPU Ingress
Inter gap 0 0.001-0.01 | 0.01-0.1 | 0.1-1 1-10
time (ms)
Mean (kbps) | 97048.58 | 97056.58 | 96593.30 | 11543.49 | 1172.83
Max (kbps) | 97341.20 | 97339.36 | 97324.16 | 18333.94 | 4589.64
Min (kbps) | 95991.20 | 96361.96 | 70891.84 | 6031.67 | 84.87
Confidence | ) 4o 33.38 650.88 | 126.28 | 13.91
Interval
Standard 198.63 156.56 | 3069.95 | 1882.44 | 656.86
Deviation
Coefficient of | ) 0.002 0.032 0.163 | 0.560
varliance
Table 19: OVS 1024 MB 4 CPU Ingress
OVS 1024 MB 4 CPU Egress
Inter gap 0 0.001-0.01 | 0.01-0.1 | 0.1-1 1-10
time (ms)
Mean (kbps) | 97044.51 | 97051.99 | 96580.66 | 11543.46 | 1172.66
Max (kbps) | 97337.85 | 97338.97 | 97310.48 | 18322.14 | 4589.55
Min (kbps) | 96012.29 | 96366.51 | 70667.27 | 6053.20 | 73.87
Confidence |, oo 33.15 654.54 | 126.97 | 13.92
Interval
Standard 196.38 155.47 | 3087.11 | 1892.65 | 657.49
Deviation
Coefficient of | ) 0.002 0.032 0164 | 0.561

Table 20: OVS 1024 MB 4 CPU Egress
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LB 512 MB 1 CPU Ingress
Inter gap 0 0.001-0.01 | 0.01-0.1 | 0.1-1 1-10
time (ms)
Mean (kbps) | 97061.30 | 97054.95 | 96581.24 | 11530.98 | 1173.32
Max (kbps) | 97347.77 | 97340.50 | 97337.85 | 18228.23 | 4491.45
Min (kbps) | 96477.54 | 96465.94 | 71612.24 | 5824.60 | 85.02
Confidence |4 o 31.38 634.81 | 126.34 | 13.95
Interval
Standard 145.22 147.13 | 2999.47 | 1882.78 | 658.42
Deviation
Coefficient of | ) 0.002 0.031 0.163 | 0.561
variance
Table 21: LB 512 MB 1 CPU Ingress
LB 512 MB 1 CPU Egress
Inter gap 0 0.001-0.01 | 0.01-0.1 | 0.1-1 1-10
time (ms)
Mean (kbps) | 97056.25 | 97050.04 | 96563.76 | 11530.93 | 1173.17
Max (kbps) | 97341.58 | 97328.91 | 97326.22 | 18101.35 | 4482.62
Min (kbps) | 96461.70 | 96455.86 | 70990.77 | 5888.51 | 80.42
Confidence |4, o 31.50 647.98 | 126.95 | 13.98
Interval
Standard 146.22 147.71 | 3061.32 | 1891.79 | 659.94
Deviation
Coefficient of | ) 0.002 0.032 0164 | 0.562
varliance
Table 22: LB 512 MB 1 CPU Egress
OVS 512 MB 1 CPU Ingress
Inter gap 0 0.001-0.01 | 0.01-0.1 | 0.1-1 1-10
time (ms)
Mean (kbps) | 97061.30 | 97054.95 | 96591.08 | 11571.46 | 1174.57
Max (kbps) | 97347.77 | 97340.50 | 97337.85 | 18422.29 | 4635.95
Min (kbps) | 96477.54 | 96465.04 | 71612.24 | 5955.71 | 84.84
Confidence |4 o 31.38 634.81 | 127.45 | 13.96
Interval
Standard 145.22 147.13 | 2999.47 | 1897.50 | 658.60
Deviation
Coefficient of | ) 0.002 0.031 0164 | 0.561
variance

Table 23: OVS 512 MB 1 CPU Ingress
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OVS 512 MB 1 CPU Egress

lnter gap 0 0.001-0.01 | 0.01-0.1 | 0.1-1 1-10
time (ms)

Mean (kbps) | 97055.40 | 97049.70 | 96577.25 | 11571.31 | 1174.39
Max (kbps) | 97332.74 | 97328.62 | 97329.38 | 18344.54 | 4595.07
Min (kbps) | 96176.59 | 96177.84 | 73793.05 | 5886.75 | 78.21
Confidence |, o 38.26 592.20 | 128.04 | 13.98
Interval

Standard 177.85 179.44 | 2793.62 | 1906.35 | 659.35
Deviation

Coefficient of | ) 0.002 0.029 0.165 | 0.561
variance

Table 24: OVS 512 MB 1 CPU Egress
LB 256 MB 1 CPU Ingress

Inter gap 0 0.001-0.01 | 0.01-0.1 | 0.1-1 1-10
time (ms)

Mean (kbps) | 97051.22 | 97056.98 | 96600.63 | 11543.00 | 1174.56
Max (kbps) | 97331.40 | 97330.77 | 97343.81 | 18014.39 | 4711.05
Min (kbps) | 95976.47 | 96480.60 | 71640.83 | 5812.56 | 84.04
Confidence | ) o) 30.55 626.12 | 126.33 | 13.96
Interval

Standard 200.39 143.04 | 2951.15 | 1882.30 | 658.75
Deviation
Coefficient of | ) 0.001 0.031 0.163 | 0.561
varliance

Table 25: LB 256 MB 1 CPU Ingress
LB 256 MB 1 CPU Egress

Inter gap 0 0.001-0.01 | 0.01-0.1 | 0.1-1 1-10
time (ms)

Mean (kbps) | 97045.92 | 97050.41 | 96581.81 | 11542.85 | 1174.42
Max (kbps) | 97331.50 | 97334.68 | 97335.57 | 17990.23 | 4695.85
Min (kbps) | 95934.35 | 96372.22 | 71262.84 | 5766.45 | 78.29
Confidence |4 -0 32.78 636.81 | 127.00 | 13.98
Interval

Standard 204.83 153.58 | 3003.58 | 1892.34 | 659.76
Deviation
Coefficient of | ) 0.002 0.031 0.164 | 0.562

variance

Table 26: LB 256 MB 1 CPU Egress
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OVS 256 MB 1 CPU Ingress

Inter gap 0 0.001-0.01 | 0.01-0.1 | 0.1-1 1-10
time (ms)
Mean (kbps) | 97060.05 | 97053.65 | 96624.63 | 11548.64 | 1172.66
Max (kbps) | 97342.72 | 97339.33 | 97335.82 | 18428.2 | 4522.23
Min (kbps) | 96759.87 | 96453.13 | 73156.61 | 5683.157 | 84.88
Confidence |, o 32.26 587.43 | 127.34 | 13.89
Interval

Standard 119.43 151.04 | 2768.11 | 1896.96 | 656.01
Deviation
Coefficient of | ) 0.002 0.029 0.164 0.56
variance

Table 27: OVS 256 mb 1 CPU Ingress
OVS 256 MB 1 CPU Egress

Inter gap 0 0.001-0.01 | 0.01-0.1 | 0.1-1 1-10
time (ms)
Mean (kbps) | 97053.38 | 97049.58 | 96615.98 | 11548.55 | 1172.49
Max (kbps) | 97335.37 | 97332.39 | 97327.30 | 18420.21 | 4518.08
Min (kbps) | 9657.33 | 96448.42 | 73311.99 | 5660.06 | 76.34
Confidence |, 3¢ 31.79 583.87 | 128.13 | 13.92

Interval

Standard 137.73 148.99 | 2751.29 | 1908.79 | 657.25
Deviation
Coefficient of | 1) 0.002 0.028 0.165 | 0.560

variance

Table 28: OVS 256 MB 1 CPU Egress
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