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Abstract

Current interconnection standards providing hardware
support for quality of service (QoS) consider up to 16 vir-
tual channels (VCs) for this purpose. However, most imple-
mentations do not offer so many because VCs increase the
complexity of the switch and the scheduling delays. We have
shown that this number of VCs can be significantly reduced,
because it is enough to use two VCs for QoS purposes at
each switch port. In this paper, we explore two alternative
switch designs that take advantage of this reduction.

1 Introduction

Clusters of PCs have emerged as a cost-effective plat-
form to implement Internet services and applications. These
clusters provide service to thousands or tens of thousands
of concurrent users. Many of these Internet applications are
multimedia applications, which usually present bandwidth
and/or latency requirements [10]. These are known as QoS
requirements.

In the next section, we will be looking at some of the pro-
posals to provide QoS in clusters. Most of them incorporate
16 or even more VCs, devoting a different VC to each traf-
fic class. This increases the switch complexity and required
silicon area and also prevents the use of these VCs for other
purposes. Moreover, it seems that, when the technology en-
ables it, the trend is to increase the number of ports instead
of increasing the number of VCs per port [9]. This, in fact,
is the trend followed nowadays by companies in their new
products launched to the market.

In [8], we have proposed a strategy to use just two VCs
at each switch port for the provision of QoS that obtains
similar results as if we were using many more VCs. This is
achieved by respecting at the switches some of the schedul-
ing decisions made at network interfaces. In this paper, we

∗This work was partly supported by the Spanish CICYT under grant
TIC2003-08154-C06, by Junta de Comunidades de Castilla-LaMancha
under grant PBC-05-005, and by the Spanish State Secretariat of Education
and Universities under FPU grant.

thoroughly explore two alternative switch designs that take
advantage of this reduction and we evaluate them with dif-
ferent traffic models. Simulation results show that our pro-
posal provides a very similar performance compared with
a traditional architecture with many more VCs both for the
QoS traffic and for the best-effort traffic.

The remainder of this paper is structured as follows. In
the following section, the related work is presented. In Sec-
tion 3 we review our strategy to reduce the number of VCs
required for QoS support. Details on the experimental plat-
form and the performance evaluation are presented in Sec-
tion 4. Finally, Section 5 summarizes this study.

2 Related work

During the last decade, several cluster switches with QoS
support have been proposed. All of them incorporate VCs
in order to provide QoS support. Among the most recent
ones are the industry standards InfiniBand and PCI Express
Advanced Switching (AS). InfiniBand [6] can support up to
16 VCs. On the other hand, AS architecture [1] incorporates
up to 20 VCs. If a great number of VCs is implemented,
it would require a significant fraction of silicon area and
would make packet processing a more time-consuming task.

On the other hand, there have been proposals which use
only two VCs. For instance, the Avici TSR [2] is a well-
known example of this. It is able to segregate premium traf-
fic from regular traffic. However, it is limited to this clas-
sification and cannot differentiate among more categories.
In the recent IEEE standards, it is recommended to con-
sider seven traffic classes [5]. So, although being able to
differentiate two categories is a big improvement, it could
be insufficient.

In contrast, the novelty of our proposal lies in that al-
though we use only two VCs at switches, the global be-
havior of the network is very similar as if the switches were
using much more VCs. This is because we are reusing at the
switch ports the scheduling decisions performed at the net-
work interfaces, which have as many VCs as traffic classes
(8 VCs in our performance evaluation).
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3 Full QoS Support with only two VCs

In [8], we have proposed a new strategy to use only two
VCs at each switch port to provide QoS which achieves sim-
ilar performance results to those using many more VCs. We
review this proposal in this section.

The key idea of our proposal is based on this observa-
tion: Assuming that the links are not oversubscribed, all the
traffic flows through the switches seamlessly. Therefore, the
basic idea of our proposal consists in using only two VCs at
the switch ports. One of these VCs is used for QoS packets
and the other for best-effort packets. Moreover, we propose
to use a connection admission control (CAC) to guarantee
that QoS traffic will not oversubscribe the links and we give
QoS traffic absolute priority over best-effort traffic, which
is not subject to the CAC.

The scheduler we propose considers the original prior-
ity of the packets at the head of the queues, instead of
just whether they are regulated traffic or not. This is not
very complex because very efficient priority encoder cir-
cuits have been proposed [4]. Note that this cannot lead to
starvation on the regulated traffic because the CAC assures
that there is enough bandwidth for all the regulated flows.
Thereby, by using this scheduler, the switches achieve some
reutilization of the scheduling decisions made at network
interfaces. This is because the order of the incoming mes-
sages is respected, but at the same time, the switches merge
the flows to produce a correct order at the output ports.

The main advantage of our proposal is the reduction of
VCs needed at the switches. Usually, when a port has sev-
eral VCs, its memory is statically partioned among the VCs.
Therefore, if several traffic classes share the same VC, a
more efficient use of the buffer space can be achieved, be-
cause this space can be shared. This has two potential ben-
efits: Allowing a reduction in the total buffer space imple-
mented or providing the same space but being more flexible
in its assignation (no static partition among traffic classes),
leading to more tolerance of bursty traffic.

A drawback of our technique is the switches not be-
ing able to reschedule the traffic as freely as if a different
VC for each traffic class were implemented. In that case,
the switches have the ability to push forward high-priority
packets in detriment of packets with less priority at the same
input port. Using our technique, it is only possible to do so
with packets from different input ports.

Let us analyze the consequences of this handicap: It may
happen that when no more high-priority packets are avail-
able, a low-priority packet is transmitted. We will assume
that both packets are regulated traffic and, thus, will share
the same VC. If the low-priority packet has to wait in a
switch input queue, and other packets with higher priority
are transmitted from the network interface, they would be
stored in the same VC as the low-priority packet, and be

placed after it in the queue. Thus, the arbiter would penal-
ize the high-priority packets, because they would have to
wait until the low-priority packet is transmitted. This sit-
uation has a small impact on performance because there is
bandwidth reservation for these packets. This means that all
the QoS packets will flow with short delay.

On the other hand, the best-effort traffic classes only re-
ceive coarse-grain QoS, since they are not regulated. How-
ever, the interfaces are still able to assign the available band-
width to the highest priority best-effort traffic classes and,
therefore, some differentiation is achieved among them.
If stricter guarantees were needed by a particular flow, it
should be classified as QoS traffic. Therefore, although
best-effort traffic can obtain a better performance using
more VCs, the results do not justify the higher expenses.

Summing up, our proposal consists in reducing the num-
ber of VCs at each switch port needed to provide flows with
QoS. Instead of having a VC per traffic class, we propose
to use only two VCs at switches: One for QoS packets and
another for best-effort packets. In order for this strategyto
work, we guarantee that there is no link oversubscription for
QoS traffic by using a CAC strategy.

4 Performance Evaluation

In this section, we show the behavior of our proposal.
We have performed the tests considering four cases. First,
we have tested the performance of our proposal, which uses
2 VCs at each switch port. It is referred to in the figures
asNew 2 VCs. Note that, with our proposal, the network
interfaces still use 8 VCs. We have considered two variants
of this proposal, which are notedNew 2 VCs-P(16 ports)
andNew 2 VCs-B(8 ports, but larger buffers per VC).

We have also performed tests with switches using 8 VCs.
In this case, it is referred to in the figures asTraditional 8
VCs. Finally, we have also tested a traditional approach
with 2 VCs, noted in the figures asTraditional 2 VCs. In
this case, the network interfaces also use 2 VCs.Traditional
2 VCsswitches have the same number of ports thanTradi-
tional 8 VCs, but they have 4 times more buffer space per
VC, allowing a good performance with bursty traffic. The
four switch models studied take equivallent sillicon area.

The network used to test our proposal is a butterfly multi-
stage with 128 end-points. The switches use a combined
input and output buffer architecture, with a crossbar to con-
nect the buffers. The CAC we have implemented is a sim-
ple one, based on average bandwidth. Each connection is
assigned a path where enough resources are assured. No
packets are dropped because we use credit-based flow con-
trol. Finally, there is a speed-up of 2.0 in the crossbar of
the switch. Note that this is internal speed-up (the external
links keep their throughput) and is achieved by doubling the
word size in the access to the memories and at the crossbar.
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In Table 1, the characteristics of the modeled traffic are
included. We have considered the traffic classes (TCs) de-
fined by the IEEE standard 802.1D-2004 [5] at the Annex
G, which are generally accepted for interconnection net-
works. However, we have added an eighth TC,Preferen-
tial Best-effort, with a priority betweenExcellent-effortand
Best-effort. In this way, the workload is composed of 8 dif-
ferent TCs: Four QoS TCs and four best-effort TCs. Each
TC has decreasing priority, such that TC 7 has the highest
priority and TC 0 has the lowest.

Table 1. Traffic injected per host.
TC Name % BW Packet size Notes

7 Network Control 1 [64,512] B self-similar
6 Audio 16.333 128 B 64 KB/s conns.
5 Video 16.333 [64,2048] B MPEG-4 traces
4 Controlled Load 16.333 [64,2048] B 1 MB/s conns.
3 Excellent-effort 12.5 [64,2048] B self-similar
2 Pref. Best-effort 12.5 [64,2048] B self-similar
1 Best-effort 12.5 [64,2048] B self-similar
0 Background 12.5 [64,2048] B self-similar

The destination pattern is based on Zipf’s law, as rec-
ommended in [3]. In this way, the traffic is not uniformly
distributed. The packets are generated according to differ-
ent distributions, as can be seen in Table 1. Audio, video,
and controlled load traffic are composed of point-to-point
connections of the given bandwidth. The self-similar traffic
is bursty traffic generated with on/off sources, governed by
Pareto distributions, as recommended in [7].

4.1 Simulation results

In this section, the performance of our proposal will be
shown. We will consider three traditional QoS indices for
this performance evaluation: Throughput, latency, and jit-
ter. Inappropriate results of latency or jitter may lead to
dropped packets at the application level. For that reason,
we also show the cumulative distribution function (CDF)
of latency and jitter, which represents the probability of a
packet achieving a latency or jitter equal to or lower than a
certain value.

Figure 1 shows the performance of QoS traffic. In this
case, the best average latency corresponds to our proposal
New 2 VCs-P, mostly because the switches in this intercon-
nection network have more ports, which in turn leads to a
two-stage MIN, one stage less than the other alternatives.

On the other hand, in Figure 1 we can also see the CDF
of latency and jitter at a normalized network load of 1.0.
Jitter for Network Control traffic has not sense, while CDF
of latency is not as interesting as jitter for Audio and Video
traffic. TheTraditional 8 VCscase offers the best results.
With our proposal, a small portion of the packets see their
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Figure 1. Results for QoS traffic.

latency increased, and thus, the jitter. This is the price topay
for this reduction of VCs, although these maximum values
are safely inside the allotted margins (10 and 100 ms for
audio and video, respectively [5]).
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Figure 2. Throughput of BE traffic.
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In Figure 2, we evaluate the best-effort traffic. In this
case, theTraditional 2 VCsapproach produces the same per-
formance for all the TCs, which is an inadequate behavior,
because excellent-effort and preferential best-effort traffic
classes should have better performance. The reason for this
inadequate behavior is that all the best-effort classes look
the same for the schedulers at both the network interfaces
and switches in theTraditional 2 VCsmodel.

On the other hand, the arbiters using our technique take
into account the priority of the packets, although they share
the same VC. For that reason, our proposals, which devote
a single VC at the switches for all the best-effort TCs, can
provide a behavior similar to that of theTraditional 8 VCs
approach, which uses 4 VCs for the best-effort TCs.

The New 2 VCs-Boffers the best performance because
it provides the maximum flexibility in the use of the buffer
space, while in theTraditional 8 VCscase the same amount
of memory is statically partitioned. On the other hand, the
New 2 VCs-Pcase offers a worse performance because the
buffer space is smaller.
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Figure 3. Summary of the trade-offs of the
New 2 VCs-Pproposal, compared with the Tra-
ditional 8 VCscase.

Figure 3 summarizes the trade-offs of using ourNew 2
VCs-Pproposal. As can be seen, there is a very noticeable
reduction in chip1 and link counts and, therefore, in the as-
sociated power consumption of the interconnection network
(calculated from estimates of the ASIC chip design). On
the other hand, the global throughput achieved with bursty
traffic is slightly lower (only a 10% reduction), but the re-
duction on the component count would lead to a much more
cost-effective solution.

According to these results, we can conclude that our pro-
posals can provide an adequate QoS performance. The re-
duction of the number of VCs to just two allows us to of-
fer two alternative switch designs: The first keeps the ex-

1Remember that bothNew 2 VCs-Pand Traditional 8 VCsswitches
take equivalent silicon area.

penses but produces a higher global throughput by using
more flexible buffers, and the second greatly decreases the
cost and power-consumption of the interconnection with a
small degradation in performance (13% global throughput
less thanTraditional 2 VCswith non-uniform traffic).

5 Conclusions

In [8], we presented a proposal to use only two VCs
at each switch port to provide QoS support. This paper
offers two novel designs for the switch that benefit from
that proposal. The first design increases the global perfor-
mance of the network against unbalanced traffic by using
buffer space in a flexible way. The second design greatly
reduces the component count, and thus, the cost and power-
consumption of the interconnection, at the cost of a small
degradation of performance.
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