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Abstract

Understanding the performance of parallel applications for
prevalent clusters of commodity PCs is still not an easy task: One
must understand performance characteristics of all subsystems
in the cluster machine, besides the inherently required knowl-
edge about the applications’ behaviour. While there are already
many benchmarks that characterise a single node’s subsystems
like CPU, memory and I/O, as well as a few to evaluate its net-
work interface with point-to-point data streams, there are to the
best of our knowledge no benchmarks available that characterise
a cluster network or LAN as a whole.

We present Switchbench [14], a set of three microbenchmarks
that thoroughly evaluate the throughput characteristics of net-
works for clusters. A first microbenchmark tests the basic pro-
cessing limitations of the switches, by sending and receiving data
concurrently at maximum throughputs on all network interfaces.
A second microbenchmark tests arbitrary communication pat-
terns by pairwise connecting nodes for high-speed throughput
tests. A third and slightly more realistic microbenchmark ex-
ecutes an all-to-all personalised communication (AAPC) algo-
rithm to test many different patterns and critical bisections in
the network. The microbenchmarks already proved to be ex-
tremely useful in a previous study to experimentally quantify
performance limitations in different networks of clusters of PCs
with up to 128 nodes. We also establish the suitability of our mi-
crobenchmarks by comparing their results with two application
benchmarks.

The benchmarks consist of two C programs supported by shell
scripts to start the programs on all nodes of the cluster with the
correct execution parameters to automatically scale the work-
loads from a few nodes up to the full cluster size.

1 Introduction

Technological advances in the development of micropro-
cessors established a new cost-effective platform for a
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wide variety of parallel applications: Clusters of commod-
ity and off-the-shelf PCs, which are often referred to as
“Beowulf” clusters, named after an early prototype [2].
Many of these clusters are built by their users by piling
PCs in a lab and interconnecting them with commodity
network switches. More advanced clusters are profession-
ally built by specialised companies, which mount multi-
CPU PC blades in a rack and interconnect the nodes by
high-performance data networks. A prerequisite of get-
ting the best performance out of applications—whether on
cheap self-constructed clusters or high-end supercomputer
clusters—is to have a thorough knowledge of the underly-
ing system’s performance.

Fully understanding the performance of a parallel ap-
plication is certainly not trivial, because the performance
not only depends on the application’s behaviour, but also
on the performance of all the involved subsystems of the
underlying architecture. As in any machine, this involves
basic components like CPU, memory, system bus, I/O sys-
tem and also system software. In a networked system, the
network itself plays a major role for the achievable per-
formance of an application. It is therefore imperative to
know the performance characteristics of a node’s network
interface. However, a single link’s performance is only
one—important yet small—characteristic of the network.
In order to better understand the performance of applica-
tions in clusters of PCs, we propose a set of microbench-
marks to thoroughly evaluate the network of a cluster as a
whole.

Different network architectures have been proposed for
clusters, ranging from mesh topologies over tori and fat
trees to simple star topologies with a single central switch.
Even when running a parallel application on a cluster with
a single big Ethernet switch the simplistic assumption that
all communication patterns through the switch show the
same performance characteristic is clearly not true. In-
deed, an earlier study [8] has shown that even apparently
similar switches can have vastly different performance
characteristics. The details of a cluster’s network config-
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uration may even be completely unknown to the user, e.g.
when remotely accessing a big “cycle-crunching” cluster
in a compute centre. Hence, we evaluate the performance
of an interconnect for specific communication patterns,
which can still be represented as microbenchmarks. The
primary goal of looking at isolated communication prim-
itives is to gain architectural insights into the bottlenecks
of the network.

The rest of this paper is structured as follows: In Sec-
tion 2 we briefly discuss some related work before we dis-
cuss our evaluation principles as well as the limitations of
a cluster network interconnect in Section 3. Then we ex-
plain our set of microbenchmarks and how it is used to
identify these limitations in Section 4. Section 5 lists the
results of experimental network evaluations to show the
different network performances as identified by our mi-
crobenchmarks and Section 6 compares the results with
the performance of some real applications on the same
networks. Finally in Section 7 we conclude.

2 Related Work

There is much work related to the performance evalua-
tion of parallel machines or clusters of PCs, but most
of it either analytically models the performance of the
parallel machine or the network (of which LogP [5] and
LogGP [1] are well-known representatives), evaluates the
performance of the overall machine for a certain class
of applications (like the popular High Performance Lin-
pack HPL for parallel machines [6]) or quantifies the per-
formance of a single network link. The latter category
of work comes closest to our own set of microbench-
marks, however benchmarks of this category like Net-
perf [7], NetPIPE [15] or TTCP [10] measure the latency
and throughput of just a single link in the network for dif-
ferent packet sizes. While these numbers are certainly im-
portant to evaluate the base network performance of the
nodes, they ignore other important bottlenecks in the clus-
ter’s network, like an under-performing switch or an in-
sufficient topology of the network itself.

The ipbench [16] framework for distributed network
benchmarking takes a slightly different approach. It al-
lows many coordinated testers in a network to generate
high loads with different protocols towards a designated
device under test. Thus, it allows to test nodes and net-
work links with higher loads than a single node can gen-
erate. While ipbench stresses the network more than the
aforementioned point-to-point benchmarks, it does not ad-
dress the network’s overall performance limitation.

3 Evaluation Principles

3.1 Bandwidth vs. Latency

There is a lot of emphasis on communication bandwidth
in our benchmarks and the aspect of latency is not consid-
ered much. The commodity system architect can not do
much about certain latency components in the system like
the PCI bus arbitration latency. A common wisdom says
that additional bandwidth can be purchased easily while
latency is given by nature’s laws (or maybe better by the
boundary conditions of systems engineering).

We understand the several order of magnitude differ-
ence of latency between a high performance interconnect,
using a flit level worm-hole routing scheme in the switches
and a communication co-processor at the endpoints vs. the
commodity Ethernet that uses store-and-forward routing
and a simple host interface using delayed interrupt pro-
cessing due to coalescing of interrupts. Still many appli-
cations are affected by the granularity of communication
instead of pure latency and can thus be reprogrammed ac-
cordingly to communicate in large blocks or use mecha-
nisms of latency tolerance.

3.2 Network Limits

There are mainly three limitations in a cluster network: the
end nodes’ performance, the basic processing limits of the
switch(es) and the bisection bandwidths of the network.
The first limit depends on the nodes’ hardware (network
interface controller, CPU, memory and I/O bus) and soft-
ware (communication protocol stack). We assume a bal-
anced cluster architecture, where a node is able to saturate
its network interface within the limits given by protocol
overheads. If the nodes could not saturate their network
interfaces, then the network installation would partially be
wasted (and thus also money) and a thorough evaluation
of the overall network performance seems needless, since
the major bottleneck is clearly the nodes’ performance.
Hence, we will not discuss the end nodes’ limitations in
the remainder of this section.

3.2.1 Processing Limits in Switches

The throughput limit of a switch is typically given by ei-
ther one of two bottlenecks: The number of packets it can
process in a given time or the bandwidth between two
subparts of the switch. The later limit can be its central
switching fabric that connects the external network ports
of the switch, or it can be the connections between parts of
the switch like switching ASICs or different line modules.
These limitations are part of any switch in the network and
do not depend on the topology of the network links ex-
ternal to the switches. For well designed switches, these
limits cannot be reached, because they appear at higher
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loads than the switch is able to receive over its network
ports. When cheaper switches hit these limits, their aggre-
gate performance can either remain constant at the maxi-
mal level, or worse, even collapse to a low minimum.

3.2.2 Full Bisection Bandwidth

Interconnect networks of most regular computing struc-
tures are characterised by their bisection bandwidth. In
the discussion of bisection bandwidth, the worst-case
performance-critical bisection of the network is deter-
mined (according to the topology) and addressed. For its
quantification, the nodes are paired in such a way that all
the communication must go across the links on the most
critical bisection cut. If the network access provides si-
multaneous full-duplex links, the communication between
the pair of nodes must also be full duplex, i.e. must go si-
multaneously in both directions.

A network is said to have a full or—in somewhat more
precise terms—a fully scalable bisection bandwidth if it
can sustain the full network access bandwidth of every
node across the most critical bisection while all nodes
communicate simultaneously. For a Fast Ethernet net-
work with a bandwidth of 100 Mbit/s this means that ev-
ery node must send and receive data at the same time
with 100 Mbit/s over the critical bisection of the net-
work. Network topologies with full or scalable bisection
bandwidth include the full fat tree, the hypercube and the
full crossbar central switches. The mesh, the torus and
the plain/skimmed tree network configurations do not of-
fer scalable bisection bandwidth in general, but for some
cases some full bisection communication might be achiev-
able for machines up to a certain fixed size.

3.2.3 Communication Patterns Requiring Full Bisec-
tion Bandwidth

Communication patterns requiring full-speed communica-
tion across the critical bisections are relatively rare and
can be avoided in many cases by clever parallel program-
ming or with probabilistic algorithms for large data sets.
The most important parallel algorithm requiring full bi-
sections are computations in a bitonic sorting network or
an FFT butterfly network. The most common communi-
cation pattern limited by critical bisection is all-to-all per-
sonalised communication.

All-to-All Personalised Communication (AAPC)

The all-to-all personalised communication (AAPC) step
is frequently encountered in parallel programs. In an
AAPC step, each processor sends a block of distinct
data to every other processor. The AAPC step occurs
in multi-dimensional convolutions (e.g. FFTs) and in ar-
ray transposes where only one dimension of the array is

distributed [13]. High-performance–computing applica-
tions with many such operations do not only require many
GFlops/s, but in addition GByte/s communication perfor-
mance.

A simple message-passing AAPC program looks like
the following pseudo code:

parallel algorithm AAPC:
1 for i = 1 to NumberOfProcessors−1 do
2 NBSendMsg(Destinationi, DataBlocki)

3 for j = 1 to NumberOfProcessors−1 do
4 NBReceiveMsg(Sourcej, DataBlockj)

We assume that NBSendMsg() and NBReceiveMsg()

are buffered, non-blocking primitives offered by the
message-passing library. Still this simple program will
cause congestion, loss of packets and TCP retransmissions
for any larger machine using simple Ethernet networks.
For the microbenchmarks in Section 4, we modify the al-
gorithm to proceed in phases carefully controlling the con-
gestion in each phase.

4 Microbenchmark Description

In this section we describe our three microbenchmarks in
more detail and also briefly describe their implementation.

4.1 Daisy Chain

Our first microbenchmark measures the basic processing
limits of the switch by sending a TCP data stream through
an increasing number of nodes in the cluster by using a
daisy-chain topology. All nodes in the chain except the
first and the last receive data and forward it concurrently to
the next node in the chain at the highest possible through-
put. This microbenchmark identifies the maximum attain-
able throughput which the switch’s subsystems can pro-
cess. The benchmark does not address the bisection band-
width, because the communication is only between neigh-
bouring nodes.

The daisy-chain benchmark stems from our tool called
“Dolly” [11,12], which is used for high-performancehard-
disk duplication (also known as “disk cloning”) over a net-
work in clusters of PCs. In this benchmark, Dolly sim-
ply sends traffic through the daisy chain without accessing
the nodes’ hard disks. Dolly scales very well as long as
the switches are able to process full-speed duplex connec-
tions on all ports, and thus reveals processing limits of the
switch(es) in the cluster.

4.2 Pairwise Streaming

The second benchmark in our set allows to test any bottle-
necks that become visible in a network when special com-
munication patterns are used. The benchmark sends data
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in full-duplex mode between many different pairs of nodes
in the cluster. The pairs are specified as parameters to the
benchmark script and are chosen to test specific commu-
nication patterns in the network. The result of the bench-
mark is the minimal, maximal and average throughput of
all pairs of streams as selected by the user. The benchmark
is thus not fully automatic and will not give meaningful
general numbers about the network. However, the bench-
mark is very useful to easily test specific bisections and
communication patterns in the network and thereby iden-
tify bottlenecks that might limit application performance.
The benchmark is included in this set as a useful tool for
performance debugging of any cluster network. In fact, it
already proved to be very useful to identify performance
bottlenecks in big Ethernet switches for clusters of PCs.

4.3 Congestion-Controlled AAPC

As a benchmark which complements the two previously
described benchmarks—and which uses a slightly more
realistic communication pattern—we use a congestion
controlled AAPC. A simple AAPC algorithm is described
in Subsection 3.2.3. A more optimised phased AAPC al-
gorithm can achieve optimal aggregate bandwidth once
the different phases are carefully separated. Phase sep-
aration can be maintained by globally synchronising the
entire cluster after each phase is completed. This strat-
egy adds some overhead for synchronisations and might
require additional communication resources, but it makes
sure that no communication resources are wasted due to
inefficient scheduling and due to unnecessary congestion.

A simple algorithm for phased AAPC proceeds as fol-
lows: In the first phase every node sends data to its next
higher neighbour and receives data from its next lower
neighbour. In the next phase, every node sends data to
its next but one higher neighbour and receives data from
its next but one lower neighbour etc. In the last phase ev-
ery node sends data to its next lower neighbour and re-
ceives data from its next higher neighbour. A pseudo-
code representation of our implementation looks as fol-
lows. Each node nself runs the all-to-all algorithm shown
here in pseudo code:

parallel algorithm all-to-all
1 for i = 1 to n− 1 do
2 concurrently send data to node nself +i mod n

and receive data from node nself−i mod n

3 wait for barrier

For the evaluation of the AAPC performance we try to
minimise the congestion in each phase. For every phase
each node has a fixed communication partner to send to
and to receive from. The patterns can be symmetric (same
node to send to and receive from) or asymmetric (differ-
ent nodes, as shown in the preceding pseudo code). Since

phases are synchronised across the entire cluster, the dura-
tion and the final throughput is determined by the slowest
connection of each phase. The output of our benchmark
program is the throughput over all phases or the corre-
sponding execution time of the whole AAPC (which is
more meaningful from an application’s point of view).

In the simple algorithm above the logical communica-
tion distance increases with each phase of the algorithm.
The physical distance between the communicating nodes
depends on the mapping of node numbers to communica-
tion ports and of the topology of the network. An AAPC
contains many different communication patterns and a
large number of network properties are exercised. In a
more in-depth study [8] we looked in great detail at the
performance of the individual phases of the AAPC, which
give a more detailed insight into the network’s capabilities
of dealing with increasingly distant communication part-
ners.

4.4 Implementation

The core of the benchmarks is implemented in two C pro-
grams, one for the daisy-chain benchmark and one for the
pairwise and AAPC benchmarks respectively. The pro-
grams need to run on all involved nodes and manage the
connection setup between themselves as well as the ac-
tual measurements according to their input parameters. A
few bash shell scripts support the user by taking care of
correctly starting the programs on all nodes with the right
parameters, collecting the results and terminating the pro-
grams when the measurements are done. The scripts al-
low to specify the nodes’ base name, alternative interface
name, a numeric range of node numbers and an incre-
ment. These parameters will then automatically be trans-
lated into the list of nodes and interfaces to use for the
benchmark runs. Thus, the invocation command is kept
short, while still facilitating to run the benchmarks with
different communication patterns on large clusters with
automatic scaling of the participating nodes.

The benchmarks were written and tested on clusters
running the GNU/Linux OS, but should be straightforward
to port to other OSs, as they only use TCP, standard sys-
tem calls and readily available OS tools. The complete
source code of an updated version is available under the
GNU general public license from [14].

5 Evaluation Examples

In this section we show the usefulness of the Switchbench
benchmark set with evaluations of different networks in
our clusters of PCs, which are described in detail in [11].
Each of the three evaluations with the benchmark reveals
insights about the performance limits of the cluster net-
work under test.
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5.1 Daisy Chain

In a first set of experiments with measure the basic pro-
cessing limits of three different Ethernet switches for an
increasing number of nodes with the “Dolly” daisy-chain
benchmark. The nodes are equipped with two 1-GHz Pen-
tiumIII processors, a Fast Ethernet and a Gigabit Ether-
net network interface, and are all directly connected to
a single switch. We characterise two Fast Ethernet and
one Gigabit Ethernet switch. The results are depicted in
Figure 1 (note the different y-axes for the different net-
work technologies). The figure shows three different be-
haviours: the performance of the ATI switch scales per-
fectly up to the maximum number of available nodes, the
Cisco switch’s performance collapses when the offered
load is higher than only half of the maximum, and the
SSR8600 switch reaches its maximum capacity with 12
nodes and then sustains that performance.
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Figure 1: Daisy-chain benchmark with an increasing num-
ber of nodes with two Fast Ethernet and one Gigabit Eth-
ernet switch (note the different axes).

5.2 Pairwise Streaming

In a second set of experiments we compare different com-
munication patterns of a Fast Ethernet switch which was
initially used in our 128-node cluster “Xibalba” [17] and
which showed disappointing performance for some appli-
cations during early tests after its installation. The switch
was an Enterasys Matrix E7 and comprised four 6H302-48
line cards each providing 48 Fast Ethernet ports. We run
the pairwise streaming test and compare communication
patterns of nodes that are connected to the same line cards
(intra-module), as well as patterns with nodes that are con-
nected to different line cards (inter-module) of the switch.
The results are listed in Table 1 and reveal two bottlenecks

of the E7 switch: a single module’s switching capacity is
not high enough to support full-duplex communication for
all its ports with full throughput (top half of table) and the
inter-module communication can not support more than
eight pairs communicating with full throughput (bottom
half of table). The latter problem was later admitted by
the manufacturer1.

Performance Matrix E7 switch
Communicating Nr of Transfer Rate
pairs nodes [MByte/s]
Intra-module 7+7 11.2
communication 8+8 10.5
(next neigh- 9+9 9.7
bour) 12+12 7.8

24+24 7.8
Inter-module 7+7 11.3
communication 8+8 10.2
(line-module 12+12 6.9
interconnect) 48+48 2.2

Table 1: Pairwise benchmark with different communicat-
ing pairs of nodes, strikingly revealing the inter-module
bottleneck of a non-performing Fast Ethernet switch.

5.3 Congestion-Controlled AAPC

In a third set of experiments we show the performance
of the AAPC benchmark, in which each node exchanges
data with every other node, thereby testing a wider variety
of communication patterns in the network. We evaluate
four different networks: The first one is a cheap main-
tenance network composed of eight small switches (one
for 16 nodes each), of which each has a single Fast Eth-
ernet uplink to a central switch. The uplinks are a major
bottleneck when more than one pair of nodes from differ-
ent switches communicate at the same time. The second
network in this set of experiments is the same Matrix E7
switch from the previous subsection with all nodes of the
cluster directly connected2. In the third network, all nodes
are directly connected to a more expensive Enterasys X-
pedition ER16 Fast Ethernet switch. The forth network
is the Myrinet [3] Gigabit network (in our configuration
of the Myrinet network, two CPUs share a network link,
hence we name it “shared Myrinet”). The execution times
and the respective AAPC throughputs are shown in Fig-
ure 2. The different networks and their respective limi-

1More details about the performance problems of the switch that we
discovered with the pairwise streaming benchmark are described in [8].

2Depending on the number of populated network ports per line card
of the switch, the execution time of the AAPC benchmark on the same
ER16 switch varies between 711 and 468 seconds. For this study, we
populated every line card with 32 out of 48 available ports to alleviate
some of the aforementioned limitations of the switch.
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Figure 2: Execution times and throughputs for the all-to-
all personalised communication (AAPC) benchmark with
60 CPUs on three different Fast Ethernet networks and on
the Myrinet Gbit/s network.

tations lead to great variations in the performance of our
AAPC microbenchmark, even in the case of the two iden-
tical network architectures with the apparently similar E7
and ER16 switches. More detailed results of the AAPC
benchmark for the different Fast Ethernet networks are
shown in Figure 3, which compares the networks’ per-
formance vs. communication distance. The logical com-
munication distance increases with the phase number until
the maximal distance is reached in the middle of the loop’s
execution, and then decreases towards the last phase (see
phased AAPC algorithm in Subsection 4.3). The figure re-
veals that the cheap maintenance network with its strongly
limited uplink bandwidth has severe problems with com-
munications over distances larger than one. The Matrix E7
switch’s limits for larger communication distances are not
as drastic, but still clearly visible. The X-pedition ER16
switch offers nearly optimal communication performance,
but still has some minor irregularities.
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AAPC benchmark with 60 CPUs on three different Fast
Ethernet networks.

6 Comparison with Application
Benchmarks

In this section we present two application benchmarks in
order to show the correlation of the performance of our
microbenchmarks and real applications.

The first of the more comprehensive benchmarks in this
section is HPL (High Performance Linpack [6]), which is
a popular benchmark to evaluate the computational capa-
bilities of supercomputers and clusters. The results of that
benchmark are published semi-annually in the Top500 list
of the worlds most powerful computers [9]. The bench-
mark involves solving a system of linear equations. The
results of the benchmark depend only moderately on the
performance of the underlying communication network
and the tasks executing at the different nodes of the clus-
ter are mostly compute bound. Despite the broadcasting
of data in the computation, the communication is mostly
between near neighbour nodes in any time-step and does
not seem to require a high bisection bandwidth.

We examine the results of the HPL benchmark which
was run on 16, 24, 32 and 64 processors on the same four
networks previously described in Section 5. Three of them
are based on Fast Ethernet: The cheap maintenance net-
work with its very limited bisection bandwidth, the some-
what limited Matrix E7 switch and the much improved
X-pedition ER16 switch. The fourth network is the Gbit/s
Myrinet network with two processors sharing a network
interface. The results of the benchmark are shown in Fig-
ure 4. The HPL benchmark was not tuned for maximal
performance, as every node uses 50 MByte of memory
during all the experiments. The results are fine to compare
the different network architectures against each other, but
should not be used to compare absolute performance with
other clusters.

When more than 16 nodes are used, the limited bisec-
tion bandwidth of the maintenance and the E7 network—
as measured with Switchbench in Section 5—become
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more important factors. The same holds for the additional
latency due to the stacked switches in the maintenance net-
work (which we do not analyse here). The low-cost main-
tenance network shows clearly worse performance than
the fully switched Ethernets networks with single central
switches. The two Ethernet networks E7 and ER16 re-
spectively achieve about the same performance. Myrinet
with its much higher bandwidth and lower latency sur-
passed all the Ethernet network architectures.

As a second application benchmark, we use the QTPlan
parallel program to model queueing in traffic micro simu-
lations [4]. In our experiment the application simulated 6
hours of real-time traffic in Switzerland. The input com-
prised 50’000 and 990’000 automobiles respectively, on
their way through a two-lane tunnel of the single highway
passage to the southern part of Switzerland. The road map
is space partitioned in order to minimise the number of
connections between the processor nodes. The crossing of
the partitions around the actual traffic bottleneck translate
into a network bottleneck between the two machines that
hold these partitions. The 990’000 cars scenario is sim-
ulating a more balanced everyday scenario when most of
the cars are on the way to and from work all over Switzer-
land. The QTPlan simulation has computing as well as
communication intensive parts and its performance results
are shown in Figure 5.

The execution times of the application tests are taken
from a single test run with 64 CPUs. With a small work-
ing set (left side of Figure 5) there are less cars in each
space partition (and therefore in each node) and the ratio
of computation vs. communication drops. With a greater
proportion of communication the factor network becomes
more relevant resulting in runtime that doubled on the
minimal cost maintenance network. With large working
sets (right part of Figure 5), the amount of local computa-
tion increases in every space partition resulting in a higher
computation vs. communication ratio. The contribution
of the factor network to the total runtime decreases and
results in a smaller difference in runtime between the net-
working architectures. Despite the lower influence of the
network, the application benchmark shows similar perfor-
mance differences as identified by Switchbench in Sec-
tion 5.

7 Conclusions

In this short paper we identified the need for a thorough
performance analysis of network interconnects in clus-
ters of commodity PCs, in order to better understand and
optimise parallel applications’ performances and possi-
bly improving applications by adapting them to the lim-
its of the underlying network architecture. While other
network benchmarks focus on the performance of single
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Figure 5: Runtime of QTPlan traffic simulations for
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point-to-point links or the evaluation of a single server,
our set of microbenchmarks called Switchbench evaluates
the throughput performance of a network as a whole.

The daisy-chain benchmark is the first of our mi-
crobenchmarks and simply measures the general packet-
processing and bandwidth limits of a switch or its sub-
systems respectively. By sending data in a virtual TCP
daisy chain through the nodes, every participating node
in the cluster sends and receives data at highest possi-
ble throughputs, thereby stressing every network port of
the switch. The pairwise microbenchmark then allows to
test specific communication patterns in order to identify
critical bisections within to network. It is highly useful
for debugging the performance of the network. Finally,
the third microbenchmark is based on an all-to-all per-
sonalised communication, thereby stressing many differ-
ent bisection bandwidths with a more realistic communi-
cation pattern.

Our microbenchmarks identify different critical bottle-
necks in cluster networks, as we demonstrate with a se-
ries of experimental evaluations. The network differences
identified by our microbenchmarks match the outcomes of
two application benchmarks in the same networks within
reasonable bounds. A perfect alignment is impossible
to achieve, since the microbenchmarks evaluate just the
network architecture’s throughput, while real applications
also exercise other parts of the system like most notably
the nodes’ CPUs and memory.

In conclusion, we believe our Switchbench mi-
crobenchmarks are a valuable contribution towards ful-
filling the community’s need for an improved perfor-
mance characterisation of entire communication networks
in LANs and clusters of PCs.
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