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Abstract

Previous papers have described and evaluated the performance of packet
discard techniques for maintaining packet integrity during overload in ATM
switches but without taking into account different classes of service.

In this paper a packet discard scheme is proposed with the goal to provide
incoming flows of cells with output link bandwidth depending on the class of
service they belong to. Also good performance in terms of throughput and
fairness in bandwidth sharing among equal priority flows are considered as
the requirements to meet.

In the scenarios here considered, the proposed discard scheme is shown
to provide very good results and to represent a possible solution for dealing
with the most demanding data flows during congestion intervals. Numerical
results are reported and discussed for different operating conditions and traffic

patterns.



1 Introduction

The switching in the Asynchronous Transfer Mode (ATM) [1], chosen by ITU-T
as the basic transfer mode for the Broadband Integrated Services Digital Network
(B-ISDN), is based on the fast packet switching technique. ATM networks are sup-
posed to carry many different types of traffic with different bandwidth requirements.
Applications range from continous ones transmitting informations at fixed rates to
highly bursty which send large blocks of data at high peak rates but with long-term
average rates relatively low. All applications are supposed to provide a set of traffic
descriptors at the virtual circuit setup to describe the traffic sent with sufficient
accuracy for routing and call acceptance. While many applications (audio, video,
low speed data) are predictable enough for this strategy to work, many recent data
applications involve interactive information retrieval with large data files (images)
retrieved across the network on demand by a human user. The unpredictability of
the human user and the high peak transmission rate required to provide acceptable
interactive response imply that one must accept either a low network utilization or
the possibility of overload periods during which the traffic sent to some network
links exceeds their capacity. The fact that end-to-end protocols fragment their data
in packets containing many ATM cells makes the impact of overload periods very
dangerous, since a single lost cell can lead to the loss and retransmission of an entire
transport level packet. Available bit rate (ABR) services are controlled by rate-
based mechanisms but they work on round trip time intervals and so some other
mechanisms must be implemented to cope with congestion occurring in short time
intervals [2]. Packet discard schemes [3] [4] are ATM buffer management techniques
to ensure high end-to-end throughputs [5] and fairness [6] [7] for bursty data appli-
cations during overload periods. Packet discard schemes are implemented in output
buffered ATM switches and perform their task by selectively discarding cells from
the information flow.

Other approaches to congestion control and fairness in ATM switches are based



on the implementation of per-VC queueing and several algorithms and designs for
the output controller have been proposed [8] [9]. Even if these proposals seem to be
very effective some recent works have underlined possible weaknesses of traditional
packet discard techniques, such as random early detection [10], when employed
in real networks [11]. On the other hand other works, such as [12], confirm the
effectiveness of early packet discard to improve the throughput. In conclusion, more
efforts must be made to better understand the performance of these techniques and,
in particular, to develop ever improved solutions.

TCP/IP networks do not guarantee any type of quality of service (QoS) since
their delivery service, “best effort”, implies that each [P data flow can have an
indeterminate level of packet loss, delay, out-of-sequence. Since many multimedia
applications have quite stringent requirements in terms of delay, loss and miminum
bandwidth, a certain number of proposals have come out to provide some QoS
to applications running over TCP/IP. According to [13] a possible classification of
models for service differentiation is the following: relative priority marking, service
marking, label switching [14], integrated services [15]/RSVP [16] and static per-hop
classification.

In this paper a packet discard scheme is proposed to properly manage in con-
gested ATM switches the flows of cells depending on the class of service their virtual
circuit (VC) belongs to. IP packets are fragmented into cells and then transmitted
over virtual circuits. Once a particular decision has been taken on the type of service
class of a given flow of IP packets, the related virtual circuit must meet it at the
best, also during congestion periods: thus, higher priority must be assigned to some
VCs with respect to others for the output link bandwidth usage. To this end the
packet discard scheme here proposed aims at providing two-class differentiation and,
at same time, mantaining high throughput and fair exploitation of the bandwidth
of the output link among equal-priority VCs.

The reported results, obtained from the simulation of a single switch output

controller, show that these goals are met so that this scheme can be considered a



possible solution to implement service differentiation in congested ATM switches.
The paper is organized as follows: section 2 describes the proposed discarding
scheme, section 3 reports some numerical results for different scenarios and traffic

patterns; finally conclusions are in section 4.

2 Selective Packet Discarding for Two Classes of
Service

Some packet discard schemes have already been presented [3] [4] and evaluated [5] [6] [7]
but none of them can discriminate among different classes of service. It is impor-
tant to underline that we do not refer to a particular model of providing QoS but
we just assume to divide incoming flows, associated to VCs, between low and high
priority (two classes of service are supposed) and that the adopted model is the only
responsible for this relationship.

The proposed scheme employs two thresholds, b; (low) and by, (high). The buffer
controller tries to keep the occupancy level between b, and b, by activating or deac-
tivating the VCs at packet boundaries according to their priority level. The goal of
this packet discarding scheme is to provide higher priority VCs (i.e. cells, i.e packets)
with most of the bandwidth, to optimize the bandwidth exploitation and to reach at
the same time a good fairness in bandwidth sharing among equal priority VCs. VC
de/activation depends on the number of successfully transmitted cells during a time
interval, called the current window, which is compared with the number transmitted
by the other VCs. Since the buffer occupancy level has a cyclic behaviour [5], two
thresholds aim at improving the performance by increasing the number of packets
successfully transmitted during each cycle. A virtual circuit is defined to be active if
the buffer controller has decided to accept the cells of the current packet; otherwise,
it is inactive.

Let n; be the number of transmitted cells by VC 7 in the current window; A,,

(Ipr) be the smallest (largest) n; from the set of currently active (inactive) VCs. The



scheme here proposed is similar to the one presented in [6] with some variants to
take priorities into account. Keeping in mind that during congestion all VCs send

packets continually one beside the other, the scheme works as follows:

1. if the current buffer level exceeds by, at the packet boundaries of VC .J make

J inactive and always discard low priority cells;

2. if the current buffer level is below b;, at the packet boundaries of VC .J make

J active;

3. if the current buffer level is between b, and by, at the packet boundaries of VC
J the buffer level is falling, J is inactive, n; < A, and J is high priority make

J active;

4. if the current buffer level is between b; and by, the level is rising, J is active,

n; > Ip and J is low priority make J inactive;
5. in all other cases do not change the state of .J.

First two rules try to avoid that buffer overflows and underflows for optimizing
the throughput and to save buffer space for high priority data. Third and fourth
ones try to obtain fairness for equal priority VCs by turning on and off the VCs
that have sent fewer or more cells in the current window, with respect to A,, and
Iy;. To handle fairness, the proposed scheme must keep the information regarding
bandwidth usage of each VC in the current window. Also, it must maintain a record
of the evolution of the buffer occupancy level in time in order to be able to decide
if it is rising or falling.

Considering a homogeneous situation in which » VCs transmit data continually
at a normalized rate of A (that is, A is the fraction of the link bandwidth required by
a single virtual circuit), 7\ is defined as the overbooking ratio and for an overloaded
link 7\ > 1. It is assumed that all packets of all virtual circuits contain ¢ cells and
let k = |1/A| be the maximum number of virtual circuits that the link can handle

without loss. Let B denote the number of cells the buffer can contain. The values of



B, by, b, largely determine the goodput, defined as the fraction of the link’s capacity
used to carry complete packets, that it is possible to achieve on a link that has a
buffer managed by this packet discard scheme.

If b, and b, are properly set to avoid overflow and underflow and the difference
(b, — by) is large enough, it is reasonable to foresee a great difference in bandwidth
usage between high and low priority data and a quite good degree of fairness among
equal priority VCs. The reason is that in this condition the scheme can turn on
and off the VCs depending on priorities and bandwidth usage without penalizing
throughput.

3 Numerical results

A simulation program of the algorithm described previously has been developed to
study the performance in terms of per VC bandwidth usage, output link goodput
and fairness in bandwidth usage. The bandwidth usage is the figure of merit for the
level of quality assigned to each VC in presence of congestion and it must respect
the class of service (priority) of the related user data flow. The discarding scheme
will then be mainly tested on this parameter. Besides, it is worth reminding that
the proposed scheme has two thresholds which aim at increasing the number of
succesfully transmitted packet per cycle, thus improving the goodput.

The simulation requires to set up several parameters: the simulation duration
is 1000 packet times long, the current window is 200 packet times. All numerical
results assume ¢ = 171 to represents one ATM adaptation layer (AAL) 5 packet.

Assuming a 600 Mbit/s output link, the bandwidth usage is considered in the
overbooking ratio range up to 3 Gbit/s which is a likely scenario, which means r\ in
the range [1..5]. The scheme has been evaluated in different operating scenarios and
traffic patterns, namely, with homogeneous sources sending data at the same rate,
or normalized rate A\, and with non homogeneous sources which have been grouped

in two different sets characterized by different data rates, A; and Ay respectively.



overbooking ratio 2 3 4 5t

Case 1 0.9772 | 0.9825 | 0.979 | 0.9786

Case 2 0.9977 1 0.9993 | 0.9995 | 0.998

Table 1: Goodput as a function of the overbooking for two analyzed cases.

Next paragraphs will report some numerical results for these two main scenarios.

3.1 Homogenous sources

Two situations are here analyzed. Both refer to an homogeneous situation meaning
that all VCs have the same rate. Case 1 has k = 12, B = 512, b, = 256, b; = 64 and
1/3 of the VCs are high priority. Case 2 corresponds to k = 10, B = 812, b, = 512,
by = 128 and 1/4 of the VCs are high priority. In all cases high priority VCs have
been randomly chosen.

Figures 1 and 2 refer to case 1 and show the bandwidth usage for each VC
for an overbooking ratio equal to 2 and 3 respectively. In Figure 1 high priority
VCs belong to the number set (3,6,9,11,15,18,20,23): most of the bandwidth is
assigned to higher priority VCs and within the two classes of services a significant
level of fairness is obtained. In Figure 2 high priority VCs belong to the number set
(2,5,8,11,15,17, 20, 23,27, 30, 32, 35) and previous considerations still hold.

Figures 3 and 4 refer to case 2 and show the bandwidth usage for each VC
for an overbooking ratio equal to 3 and 5 respectively. In Figure 3 high priority
VCs belong to the number set (2,5,8,11,15,18,22,26) while in figure 4 belong
to (3,6,9,13,17,21,26,29,34,37,40,46,49) and again the bandwidth is assigned
mostly to high priority VCs with a reasonable fairness.

Table 1 shows the goodput values reported for the two considered cases and
underlines the effectiveness of the proposed scheme in optimizing the output link.

The results obtained mainly match the proposed target of assigning the output
link to higher priority VCs first, keeping the goodput as high as possible and trying

to provide an equal sharing of the link among equal priority VCs.



3.2 Non homogeneous sources

In this section the packet discard scheme is studied in a different scenario. Let us
assume that VCs have two different rates, Ay and Ay with Ay > \,. It is also assumed
that VCs still transmit packets of the same length, / = 171. As a consequence, the
packet transmission time is different for VCs with different rates and ¢/, < £/X,.
Therefore, during the transmission time 7, = ¢/, more than one packet boundaries
per each VC can occur for faster VCs. This means that faster VCs ask the buffer
controller for more accesses to the buffer than slower ones and this may lead to some
unfairness between fast and slow VCs.

In the following cases, high priority is assigned to faster VCs, assuming that
they are used for time critical applications or because users simply pay for that. Of
course, other assumptions and mixes can be made but they will not be discussed
here.

In Figure 5 we assume A\; = 0.5, Ay = 0.2, r; = 5 and r, = 5 giving an
overbooking ratio equal to 71\ + r2A\s = 3.5. Basically, all the bandwidth is taken
by the r; sources and a quite good level of fairness is achieved among them. On
the other hand, the ry sources get nothing but, actually, this is just what we want:
priorities have been set up to assign resources, i.e. bandwidth, to specific users, in
particular during the short congestion intervals.

In Figure 6 Ay = 0.5, Ay = 0.2, r; = 7 and r, = 5 giving an overbooking
ratio equal to r1A; + rode = 4.5. Here the set (1,3,5,7,8,11,12) represents high
priority VCs and again they take all the bandwidth and they quite fairly share it.
Table 2 shows the values of goodput each VC gets for this last case: the total 99%
is composed of contributions provided by high priority VCs while the low priority
ones do not send succesfully any packet. Since the total goodput is so high, these
values of goodput for each VC roughly correspond to the bandwidth usage reported
in figure 6. This means that the bandwidth assignment based upon this scheme is
performed in such a way that basically the whole bandwidth is used for transmitting

complete packets.



VC number 1 2 3 4 5 6 7 8 9 10 11 12 Total
Goodput 0.16 0.0 0.13 0.0 0.13 0.0 0.16 0.12 0.0 0.0 0.16 0.1462 0.99

Table 2: Goodput per VC for the case of fig. 6.

A different case is reported in figure 7 where \; = 0.2, Ay = 0.1, r; = 5 and
ry = 30 and the overbooking ratio is 1 A\; +73 9 = 4. Here there is a greater number
of VCs, 35, than two previous cases and also the high priority VCs (2, 13, 23, 28, 33)
are 1/7 of the total. Again, as desired, they get most of the bandwidth but here low

priority VCs can take small portions of it.

4 Conclusions

In this paper a selective packet discard scheme has been proposed for managing
congestion in output buffered ATM switches taking into account the class of service
of the incoming data flows. It gives output bandwidth to higher priority VCs first
and here two-level priority data streams have been considered.

The analyzed scheme tries to keep the buffer occupancy level between two thresh-
olds as long as possible by de/activating the VCs depending on the number of suc-
cessfully transmitted packets in a time window and on their priority, in order to
provide high goodput and good fairness in bandwidth sharing among equal priority
VCs. In other words, the goal is not to avoid congestion, in fact congestion already
occurs being rA > 1, but at least to avoid overflow, i.e cell losses, and underflow, i.e.
output link inactivities, providing a reasonable fairness among equal priority VCs.

For the scenarios here taken into account the proposed scheme has been shown to
meet the mentioned target and, in particular, to be capable of managing successfully
different priority data flows without penalizing throughput or fairness.

The above results have been obtained through simulation so that it is not
straightforward to foresee the exact behaviour of the scheme in a real network.
As a matter of fact, realistic scenarios can be more complex than the ones here pre-

sented and analyzed. Combinations of different packet lengths with many different



data rates and priorities are possible and this is current work.

The subject of packet discarding schemes is still open to discussion about their

effectiveness, as recent literature has underlined, so that many more investigations

and possibly test-beds are necessary to better clarify this issue. However, these

first results show that is possible to set up a packet discard scheme whose task

is to provide class-dependent bandwidth assignment and high throughput with an

acceptable fairness.
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Figure 1: Bandwidth usage for each virtual circuit; £ = 12, rA = 2, B = 512,
by, = 256, by = 64; dotted line represents the ideal sharing corresponding to 1/24 of

the output link.
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Figure 2: Bandwidth usage for each virtual circuit; £ = 12, rA = 3, B = 512,
by, = 256, by = 64; dotted line represents the ideal sharing corresponding to 1/36 of

the output link.
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Figure 3: Bandwidth usage for each virtual circuit; £ = 10, rA = 3, B = 812,
by, = 512, b; = 128; dotted line represents the ideal sharing corresponding to 1/30 of

the output link.
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Figure 4: Bandwidth usage for each virtual circuit; £ = 10, rA = 5, B = 812,
by, = 512, b = 128; dotted line represents the ideal sharing corresponding to 1/50 of

the output link.
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Figure 7: Bandwidth usage for each virtual circuit; ky = 5, ko = 10, 71 A + 7200 = 4,
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