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Network devices are fundamental
items in computer network design.
Switches are devices that filter and send
packages between, from, and towards
different segments of a computer net-
work. These switches work in the sec-
ond (and some in the third) layer of the
Open Systems Interconnection (OSI) ref-
erence model. The price of commercial
switches vary from ten to thousands of
dollars, depending on the administration
features, capacity, provided functions
(Layer-2 or Layer-3 switching), technical
support, mean time before failure
(MTBF), among others. Hence, the elec-
tion of the best device must be in terms
of the ratio price/performance since

there is generally a budget limit to build
a computer network. Therefore, an
engineer’s goal is to build the best net-
work staying within budget constraints.
Our goal is to determine if typical low-
priced Layer-2 switches experience the
same packet loss rate, throughput, and
jitter as the more expensive Layer-2
switches. Assuming that both types of
devices develop the same performance
and that the advanced administration
capabilities are not a crucial point in the
network design, engineers could poten-

tially save thousands of dollars and
obtain the same result. 

What to compare
Empirical results presented in techni-

cal reports are a typical way to compare
the performance of any device, but
those results must follow strict guide-
lines to avoid external factors that may
alter the results. Since our goal is to
compare the packet loss rate (PLR),
throughput, and jitter of switches from
different vendors and with different
prices, then a standard methodology to
evaluate these parameters and make the
final comparison is needed. The Bench-
marking Methodology Working Group

(BMWG), part of the Internet Engineer-
ing Task Force (IETF), published the
“Benchmarking Methodology for Net-
work Interconnect Devices,” also
known as RFC2544, which defines a
specific set of tests that may be used to
describe the performance characteristics
of a network interconnecting device.
The results of these tests will provide
the user with comparable data to evalu-
ate these devices. RFC2544 also discusses
and defines specific formats for report-
ing the results of the tests and condi-

tions that should be included for specif-
ic cases and also gives additional infor-
mation about testing practices. 

Following the RFC2544 recommen-
dations, the first step is to choose the
network testing configuration and the
required software to generate the data.
The elected network measurement
setup is shown in Fig. 1.

We used the Iperf tool to send data
according to the methodology exposed
in the RFC2544 from the Iperf client to
the device under test (DUT) and from
the DUT to the Iperf server. Iperf is rec-
ognized as a powerful tool capable of
determining statistics of different net-
work configurations, being able to

measure maximum sustained Transmis-
sion Control Protocol (TCP) bandwidth,
allowing the tuning of various parame-
ters and User Datagram Protocol (UDP)
traffic measurements. This behavior rep-
resents a stress environment for a Layer-
2 switch that emulates a high load user.
Both the Iperf client and server were
installed on separated desktop comput-
ers (Dell with a Celeron 2 Ghz proces-
sor), using an nonintegrated PCI Ether-
net network interface card (Dlink DFE
550-TX) running Fedora Core 1 Linux
O.S. We completed more than 5,000
measurements changing the DUT and
offered load from 1 Mb/s to 100 Mb/s
according to the recommendations of
the RFC2544 using separate transmitting
and receiving devices. Connections are
made from the sending port of the Iperf
client to the receiving port of the DUT
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and from another port of the DUT to the
Iperf server. Once the client stops the
transmission and the Iperf server finish-
es its work, the Iperf server processes
the throughput, PLR, and jitter statistics.
Packet size and transmission rates used
in this article followed the recommenda-
tions of RFC2544 for full duplex Ether-
net 100BaseTX.

Empirical results
We tested four different devices,

with prices fluctuating from US$50 to
US$1,100. The least expensive device
has only eight ports without any kind
of administration capabilities. The most
expensive switch has 24 ports operating
at 10/100 Mb/s, plus two 10/100/1,000
Mb/s ports. The details of these Layer-2
switches are shown in Table 1.

According to the previously
explained procedure, we measured the
maximum TCP/UDP throughput, jitter,
and UDP packet loss rate. These results
are shown in Figs. 2–4.

As can be seen in Fig. 2, all devices
experimented, in practical terms, the
same throughput (varying from 91 to 94
Mb/s). It is important to notice that the
devices did not reach the maximum the-
oretical throughput (100 Mb/s) as a con-
sequence of the ratio data/header (Layer-
2, TCP/IP). Figure 3 shows the average

value of the jitter obtained by means of
the methodology described earlier.
Hence, there is no significant basis to
argue that the price is a relevant factor to
obtain lower jitter values. In fact, low-
priced switches show lower values of
that parameter. In accordance with Fig. 4,
PLR reports an asymptotic tendency in all
cases (4%), including the analysis of dif-
ferent DUTs and packet sizes. According
to our results, there is no empirical evi-
dence to hold some level of correlation
between price and throughput, jitter, or
PLR. It was practically impossible to dif-
ferentiate the effect of changing the DUT
on these parameters. If PLR, throughput,
or jitter are the decisive factors at the
time of acquiring interconnection
devices, paying US$50 or US$1,100
would generate almost identical results if
benchmarking techniques are used to
make the comparison. 

Conclusions
There is no empirical basis to hold

that a Layer-2 switch performance is
related to its price if the design factors
are the PLR, throughput, or jitter. There-
fore, the difference in cost between
Layer-2 switches must be related to
administration features, number/type
of ports, supported
Layer-2 protocols, laten-
cy, and head-of-line
blocking. Consequently,
the best Layer-2 switch is
not necessarily the most

Fig. 1  Network configuration: (a) network measurement setup
and (b) equivalent OSI model
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Table 1.  Devices under test.

Item Cost Number Transmission SNMP Web administration 
(US$) of ports rate (Mb/s) capabilities

Switch # 1 50 8 10/100 No No
Switch # 2 200 24 10/100 No Yes
Switch # 3 850 24 10/100 Yes No
Switch # 4 1,100 24+2 10/100 + 2 Yes Yes

10/100/1,000

Fig. 2  TCP and UDP throughput for different devices
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expensive one, and depending on the
administration features needed for each
network, engineers could save hun-
dreds or thousands of dollars by using a
less expensive model and obtain the
same result. For that reason, the most
expensive is not necessarily better. 
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Fig. 3  Jitter statistics
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Fig. 4  UDP packet loss rate as a function of offered load for different devices and packet
sizes according to RFC2544: (a)  Switch # 1, (b) Switch # 2, (c) Switch # 3,
(d) Switch # 4
♦ packet size: 64 B � packet size: 128 B
� packet size: 256 B × packet size: 512 B
∗ packet size: 768 B ◦ packet size: 1,024 B
+ packet size: 1280 B − packet size: 1,518 B
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