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ABSTRACT

A simulation model for the performance evaluation
of fast packet switching architectures under multime-
dia traffic conditions is presented. The simulator is
based on an integration of the SLAM-II tool with
special-purpose C routines that model the internal
structure and operational details of the basic switch-
ing fabrics. Two types of traffic sources, namely,
Bernoulli sources and correlated sources (modeled as
two-state Markov chains) are considered in this study.
The latter class of sources provide an accurate model
for multimedia traffic components, such as voice and
video, which are inherently bursty. The results of the
simulation indicate the significant deterioration of the
switch performance under correlated traffic from that
predicted by the Bernoulli models. Furthermore they
illustrate the efficacy of the input-windowing mech-
anism in remedying this drawback to a substantial
degree.

1 INTRODUCTION

The advent of the fiber-optic transmission technol-
ogy has extended the scope of the integrated services
digital network (ISDN) to the arena of broadband
applications. The spectrum of possible applications
include full-motion video, high-speed medical imag-
ing and high-definition television (HDTV), to name
only a few. Such applications typically generate infor-
mation at rates of 50-150 Mbytes/s per connection.
A full exploitation of the bandwidth potential of the
fiber-optic transmission components is constrained by
the speed limitations of the switching components
which are expected to be based on conventional elec-
tronics at least for a few more decades. Current tech-
nology limits the switching speeds of electronic de-
vices to about a Gbit/s. In view of this bottleneck,
there has been a concerted effort within the com-
munications community to design efficient switching
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architectures which would employ conventional de-
vices and yet match the speed capabilities of optical
transmission components. This effort has culminated
in what has come to be known as the asynchronous
transfer mode (ATM) or fast packet switching tech-
nique, the underlying principle of which is an exclu-
sively hardware-based and highly parallel implemen-
tation. In an ATM environment, information is di-
vided into elementary units referred to as cells which
are transmitted across the network independently of
each other.

Several types of ATM switch architectures have
been proposed by various researchers in the recent
past (Andindo and Seeto 1988 - Szymanski and
Shaikh 1989, Jenq 1983 — Tobagi 1990). Each of these
architectures has its own intrinsic advantages and dis-
advantages. For example, the crossbar switch (To-
bagi 1990) which features a low cell blocking proba-
bility and delay is rather expensive to implement. In
contrast, the banyan architecture (Tobagi 1990, Szy-
manski and Shaikh 1989, Jenq 1983) merits from a
low implementational cost, especially for large switch-
ing systems, but suffers from a cell delay and blocking
probability significantly higher than in the crossbar
switch. Specifically, the number of crosspoint connec-
tions in a crossbar switch (Fig. 1) equals the square
of the number of I/O lines (N) whereas those in a
banyan switch (Fig. 3) equals 2N log, N. The orga-
nization of the banyan network is based on arranging
several pxp (e.g., p = 2) crossbar modules in multiple
stages (Fig. 3). The connectivity within a banyan is
such that there exists a unique path from each input
node to each output node. This enables the so-called
self-routing of input cells through the banyan fabric
based on the values of the various bits of the cell ad-
dress field. The magnified cell loss and delay in the
banyan network is attributable to the blocking and
queueing that occur at the shared internal stages of
the fabric.

Given the broad spectrum of techniques available
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for ATM switching, the major challenge ahead in
implementing operational broadband ISDN’s lies in
the development of appropriate performance mod-
els. An accurate performance evaluation would serve
to assess the functionality of the various architec-
tures in specific traffic environments. In addition,
it would lay the groundwork in developing optimal
algorithms for the management of network resources.
Several researchers have conducted performance stud-
ies of certain specific classes of ATM switches in the
past few years (Szymanski and Shaikh 1989, Karol,
Hluchyj, and Morgan 1987, Hluchyj and Karol 1988,
Jenq 1983). It may, however, be noted that the ma-
jority of these attempts were based on the rather re-
strictive assumption of uniform Bernoulli statistics
for the traffic arrival processes. Probabilistic models
based on this assumption fail to capture the intrinsic
time-correlation characteristics of actual traffic. This
limitation underscores the need for further efforts at
estimating the performance of various architectures
subject to the more realistic, correlated (or bursty),
traffic conditions.

In this paper, we conduct a performance evaluation
of some of the representative switching architectures
within a bursty traffic environment. Our approach
will be based on discrete-event simulation to facili-
tate an accurate representation of the characteristics
of the various switching systems, and the statistical
attributes of the correlated cell arrival processes. The
principal measures of performance that will be em-
ployed in this evaluation are (i) blocking probability,
and (#7) delay. In section 2 we will provide a discus-
sion of the different ATM architectures to be consid-
ered. Section 3 will focus on the models to be adopted
for representing the stochastic behavior of the various
traffic sources. This will be followed, in section 4, by
a description of the organization of the simulator em-
ployed for our performance studies. The results of the
simulation will be presented in section 5, and the pa-
per will be concluded in section 6 with a few pertinent
remarks.

2 FAST PACKET SWITCHING ARCHI-
TECTURES

In this section, we will examine the basic architec-
tural features and performance enhancement strate-
gies employed in some of the common ATM switch-
ing systems. Consistent with the design philosophy of
ATM’s, it will be assumed that information streams
are divided into basic units referred to as cells. A
slotted time structure will be assumed in the follow-
ing discussion, where a slot is equivalent to the dura-
tion of transmission of a cell.
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2.1 Basic Configurations
2.1.1 Crossbar Switches

The crossbar switch architecture is comprised of an
N x N array of crosspoint transmission gates each of
which could assume two possible states, namely, the
cross state and the bar state (Fig. 1, Tobagi 1990).
By appropriately selecting the switch states based
on the contents of the address field, each incom-
ing cell can be routed to the appropriate output
port (the self-routing property) as discussed in (To-
bagi 1990). The primary implementational constraint
of the crossbar architecture originates from its space
complexity (number of transmission gates) which is
proportional to the square of the switch size. This
limitation renders the crossbar approach unrealistic
for large-scale switching systems.

Even though the crossbar switch is internally non-
blocking, the problem of ezternal blocking needs to
be contended with by providing adequate buffering
within the fabric. External blocking corresponds to
the situation where multiple input cells are being ad-
dressed to the same output line in which case only
one of the requests can be honored immediately, and
the other cells need to be scheduled for retransmis-
sion during future slots. Buffering may be provided
in crossbar switches (in their basic form) at the in-
put nodes. However, input-buffered switches suffer
from the drawback of Head-of-line (HOL) blocking
which prevents such switches from attaining a satu-
ration throughput of unity (Karol, Hluchyj, and Mor-
gan 1987, Hluchyj and Karol 1988).

2.1.2 Knockout Switches

Knockout switches (Fig. 2, Tobagi 1990) overcome
the limitation of crossbar switches caused by the HOL
blocking by providing cell buffering at the outputs
rather than at the inputs. This is achieved by N
number of parallel buses, each of which is used for
broadcasting from one of the input ports. Each out-
put port listens to all the buses simultaneously, and
hence is able to filter out all cells addressed to it in-
stantaneously. If the total number of cells addressed
to an output exceeds one, then only one of them will
be transmitted out of the switch in the ongoing slot,
with the others being retained in the output buffer
for future retransmission. The performance improve-
ment (due to output queueing) resulting from this
approach incurs the the cost of each output node be-
ing required to receive and process up to N cells (un-
less a concentrator is employed as explained in (To-
bagi 1990)) during a single slot period.
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2.1.3 Banyan Networks

A banyan Network consists of several smaller p x p
crossbar switches (e.g., p = 2) which are arranged
into rows and columns (Fig. 3). The number of cross-
bar switches depends upon the number of I/O lines of
the banyan as well as the dimension (p) of each cross-
bar. For instance, if the banyan has N external I/0O
lines and employs 2 x 2 internal crossbars then each of
the log, N columns will be comprised of N/2 cross-
bars resulting in a total of (N/2)log, N crossbars,
or equivalently, 2N log, N cross-point gates. This
amounts to a significant reduction in the implemen-
tational complexity for large N. The type of connec-
tivity provided among the different columns ensures
that there exists a unique path between every pair of
external input and output lines.

The cost reduction of the banyan approach is at-
tained at the expense of a corresponding performance
degradation. This degradation is attributable to
the so-called internal-blocking property of banyans.
Internal-blocking refers to a situation where multiple
input cells addressed to disjoint output lines could
still contend with each other to access the same out-
put port of an internal crossbar which is shared by the
routing paths of these cells. To circumvent the high
internal cell blocking caused by this phenomenon,
buffering is necessary not only at the inputs of the
banyan fabric, but also at the inputs of each internal
crossbar (intermediate buffers). The performance of
the banyan is influenced by (i) the number of external
I/0 lines, (i7) the amount of buffering provided for
each of the internal queues, and (ii7) the window-size
of each crossbar if input windowing (section 2.2.1)
were to be employed. Even with the provision of in-
termediate buffering, the internal cell loss of a banyan
could reach unacceptable levels if continued collisions
were to occur due to long streams of cells being ad-
dressed to fixed outputs (hot-spot traffic).

2.2 Schemes for Performance Improvement

The performance (cell blocking and delay) provided
by the basic switch architectures discussed above may
be improved by certain clever modifications that do
not incur a substantial implementational cost. In the
following, we discuss a few such enhancements.

2.3 Input Windows in Input-Queued
Switches

The drawback due to HOL blocking in crossbar
switches can be partially overcome by relaxing the
strict FIFO discipline employed within the input
queues. Specifically, the input processor is equipped
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with the functionality to examine a window of cells
at the heads of various input queues, and select the
group of cells to be transmitted during each slot in
such a way as to maximize the number of conflict-
free output requests (Hluchyj and Karol 1988). The
original input-queued switch may be thought of as
a special case of this generalization with a window-
size of one. It is intuitive that if an arbitrarily large
window-size were to be employed, then the through-
put of the input-queued switch should approach that
of an output-queued switch with identical amount of
buffering.

2.3.1 Banyan Networks in Tandem

As mentioned earlier, the uniqueness of path between
each I/O pair in a banyan switch leads to unaccept-
able levels of cell blocking under hot-spot and cor-
related traffic conditions. One of the methodologies
that may be adopted to overcome this drawback is
to connect multiple banyans in tandem (Anindo and
Seeto 1988). If, for example, two banyan stages were
to be connected in tandem, then there will be N
possible paths corresponding to each I/O pair, via
the N outputs of the first stage. In this scenario, the
first stage may be employed as a randomization net-
work (to offset the hot-spot and correlation charac-
teristics), and the second stage as a routing network.
Specifically, each internal node of the first banyan
stage route each incoming cell randomly to one of its
outputs (ensuring that collisions do not occur, how-
ever). This presents a randomized uniform load at the
inputs of the routing stage; the load pattern within
the router will be devoid of any harmful correlation
characteristics, and hence will result in a superior
throughput as compared to the single banyan.

One of the disadvantages of a multistage banyan
is the possibility of out-of-sequence delivery of pack-
ets flowing between various I/O pairs. This could be
unacceptable if the system supports real-time appli-
cations, where a time-ordered delivery of data cells
would be vital for the integrity of information. To
overcome out-of-sequence delivery, one may employ
a resequencing buffer at each output of the network
in conjunction with a sequence number appended to
each cell. In the example that we will consider in the
sequel, it will be assumed that each input is perma-
nently connected to an output, with the set of I/0
associations being disjoint (hot-spot traffic). To de-
scribe the operation of the resequencing algorithm
within this scenario, let us assume that the sequence
number of the last cell delivered by a particular out-
put is n. Upon the arrival of the next cell (with se-
quence number n + i), a decision regarding the deliv-
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ery/buffering/rejection is made as follows:

1. If i < 1 then the new arrival is rejected immedi-
ately.

2. If i = 1 then the new arrival (with seq. no. n+1
as well as all other cells waiting in the buffer
with consecutive sequence numbers n + 2,n +
3,...are delivered immediately, and n is updated
accordingly.

3. If i > 1 then

a. If the buffer is not full then the new cell is in-
serted into the buffer, with the latter being main-
tained as an ordered list.

b. If the buffer is full then the “oldest” cell from
among the occupants of the buffer and the new
arrival is rejected; n is set equal to the sequence
number of the rejected cell.

It is apparent that the probability of cell rejection is
inversely related to the size of the resequence buffer,
but a large buffer will also result in a large resequenc-
ing delay.

3 TRAFFIC MODELS FOR MULTIMEDIA
SOURCES

In this simulation study, we have considered two types
of traffic streams. The simplest type of stream consid-
ered is comprised of a set of independent identically
distributed Bernoulli sources (Fig. 4) applied to the
inputs of the switch under investigation. The prob-
ability of a cell arrival at an input during each slot
is denoted by the parameter p. For a more realistic
representation of multimedia sources, we have also
considered a correlated source model represented as
a 2-state Markov chain (Fig. 5). In this model, it is
assumed that the source generates a cell only dur-
ing those slots during which it is in the ON state.
The parameters a and f§ respectively represent in-
verses of the mean sojourn times (in number of slots)
in the OFF state and the ON state. The long-term
probability p of a cell arrival during an arbitrary slot,
for this case, is given by p = a/(a + f). Hence, by
selecting the parameters p and § appropriately, the
arrival probability and time-correlation characteristic
may be varied independently of each other. Statisti-
cal experiments conducted in the past indicate that
similar models provide fairly accurate representations
for a wide variety of real-time sources such as voice
and video.
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4 DEVELOPMENT OF THE SIMULATOR

The simulation studies reported herein were con-
ducted on a Sun SPARCstationl workstation us-
ing the tool SLAM-II (Simulation Language for Al-
ternative Modeling) (Pritsker 1986) in conjunction
with FORTRAN and C. SLAM-II presents a flexi-
ble and powerful simulation platform by integrating
the event-driven, activity-driven and process-driven
approaches for discrete event simulation along with
tools for continuous simulation. It provides a compre-
hensive set of user-callable FORTRAN routines which
may be effectively tailored to fit alternate modeling
approaches and interfaced with external subroutines.

Since SLAM - II does not feature built-in functions
to simulate the architectures and internal operations
of ATM switches, it was necessary to code external
subroutines to incorporate these functions. In view of
the structuring and flexibility of C, this language was
selected for coding the ATM switch simulator. This
necessitated a careful interfacing of the user-defined
C routines to the FORTRAN environment provided
by SLAM-IIL. In particular, the UNIX operating sys-
tem does not specify any fixed standard for returning
the result of a function call from C to FORTRAN. On
the other hand, there does exist a standard for pro-
cedure or subroutine calls between FORTRAN and
C. To circumvent the problem with function calls,
one may adhere to the SUN-4 conventions, but this
will render the resulting code unportable. To retain
portability, the implementation that we adopted was
based on directing all function calls from C to the
SLAM-II library to a group of external FORTRAN
procedures (as per UNIX conventions) which in turn
called the SLAM-II functions. Within this setup, the
result returned by a SLAM-II function, if any, could
be returned by the external FORTRAN module to
the C module as a parameter, since all parameters
are passed from C to FORTRAN by reference, rather
than by value. In this sense, a narrow FORTRAN in-
terface was employed between the SLAM-II platform
and the user-encoded C module for ATM switch mod-
eling. On the other hand, whenever SLAM-II proce-
dures were to be accessed, direct calls were made from
C to the SLAM-II library as per UNIX conventions.

Within this setup, SLAM-II was used for the
startup of the simulator, creation of information
sources, setting up of queues, and for keeping track of
time and statistics. The C module, on the other hand,
set up the connectivities of the different switches,
kept track of the number of cells in the initial input
queues, moved cells between successive switch stages
as per the routing conventions under investigation,
measured the delay incurred by each cell and finally,
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at the end of the simulation, computed the average
cell delay, throughput and other relevant performance
measures.

The program was initiated by setting up the switch
connections within the C module. This was fol-
lowed by a transfer of control to the SLAM-II mod-
ule which initialized the simulator and defined the
network operational parameters such as a, § and p.
The cell sources were then created in accordance with
the specified parameters and cells generated by these
sources were routed automatically to their respec-
tive input queues. Immediately prior to the entry
of each cell to the corresponding queue, the simula-
tion time was recorded and the destination address
of the cell was selected. Once every time cycle (the
cell transmission time, or slot period) a software in-
terrupt (EVENT, see Fig. 8) was generated, and con-
trol was transferred back to the C module (via an
external FORTRAN routine interface). The C mod-
ule performed the operations that were necessary to
simulate the movement of cells through the switch
fabric. In the case of a banyan network, the program
first moved the cells waiting in the last stage, then the
cells in the last but one stage, and so forth till all the
stages were processed. This ensured that a cell would
move ahead from its current stage if and the buffer at
the next stage had free space, or if a cell in the lat-
ter buffer moved ahead in the current time cycle. At
each stage, the cell was routed to the upper output
or the lower output of the internal crossbar, depend-
ing on its address. If a crossbar switch (or an in-
termediate crossbar of a banyan switch) incorporated
input-windowing (lookahead feature), then the cor-
responding search and selection were also performed
at this stage. After completing all the update func-
tions during the current slot, control was returned
to the SLAM-II module. The cell-sources within the
SLAM-II module were now triggered; they generated
fresh cells to join input queues, in accordance with
the parameters p, a and 8. Upon completion of sim-
ulation, control was passed back to the C module and
the relevant performance measures were computed.

The generation of cells within the SLAM-II envi-
ronment was carried out by invoking the “create”
function as shown in Fig. 6-7. In the case of cor-
related sources (Fig. 6), a single cell was generated
at the initiation by a “create” node. This cell got
multiplied into N cells (N = number of I/O lines
of the switch) within the “Multiple Source Genera-
tor” (MSG) module; each of the generated cells was
assigned a distinct input line number. Following the
initiation of these cells, both the create and MSG
modules stayed inactive for the rest of the simula-
tion. Each of the generated cells entered the on state
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of the corresponding input line within the “Correla-
tor” block (Fig. 6). The cell that entered the on state
bifurcated into two, one of which was forwarded to
the input queue of the switch. The other one either
returned back to the on state (with probability of
1 - B3) or proceeded to the off state (with probability
B). If a cell was located within the off state during
a subsequent triggering of the source, then this cell
would move to the on state with probability 1 — «,
or return to the off state with probability a. Thus,
during each time cycle, the “Correlator block” was re-
activated and a cell was forwarded to the appropriate
input queue as determined by the system parameters.
It may be noted that even though every cell was pro-
cessed by the same code, SLAM-II guaranteed that
the N cell streams were independent of each other.
In the case of a Bernoulli source (Fig. 7), the “Cre-
ate” block remained active throughout the duration
of the simulation. A cell was generated during each
cycle and this cell got multiplied into N cells. Each
of these cells was forwarded either to the respective
input with probability p or to a sink with probabil-
ity 1 — p.

The slot processing performed by the C module
for systems that incorporated crossbar switches with
input-windowing deserves special consideration. In
the following, we concisely describe the processing
steps involved in this situation. This description ap-
plies to a crossbar switch with N input lines, with

the size of each input buffer being b and the window

size being w.

1. Record the destination addresses of the first w
packets from all input queues in an array of
size Nw. If the number of cells in a particular
queue is less than w, then record the destination
addresses of all the cells from that queue.

2. Fori=1,...,N, repeat (a), (b) and (¢):
(a) Let j = Number of cells competing for output i.

(b) If 5 = 0, or if the buffer at the next stage is
full (applicable only for an intermediate crossbar
of a banyan network), then skip through (c); else
if j = 1 then identify the unique cell addressed
to output ¢ and move this cell to output i; else
select one of the cells competing for output i at
random and move to output .

() Mark the input node from which a cell was
moved so that no additional cells will be moved
from this input during the current cycle (to en-
sure fairness).

It may be noted that the only difference between
an independent crossbar switch and an intermediate
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crossbar within a banyan fabric is that the movement
of cells to outputs in the latter is conditioned also
on the availability of buffer space at the next stage

(step 2(b)).

5 RESULTS OF THE PERFORMANCE
EVALUATION

In this section, we report the results of the simulation
studies that we have conducted. We focus on the
measures of the cell blocking probability and average
cell delay to characterize the performance.

In Fig. 9, we compare the throughput performance
of an 8 x 8 crossbar switch with that of an 8 x 8 cross-
bar that employs input-windowing, under Bernoulli
traffic conditions. The input buffer size is assumed
to be 100. The advantages of input-windowing is
apparent from this figure; a window-size of 2 im-
proved the saturation throughput to 0.79 and that
of 4 improved the saturation throughput to 0.89, as
compared to a value of 0.615 obtained without using
input-windowing. Fig. 10 depicts the corresponding
delay performance. Again the performance improve-
ment provided by input-windowing is apparent.

We have conducted simulation studies of crossbars
with various window sizes under correlated traffic
conditions as well. The results for this case, cor-
responding to the throughput performance did not
show any significant difference from those for the case
of Bernoulli traffic, depicted in Fig. 9. However, the
average cell delays under correlated traffic tends to be
significantly higher than those in the case of Bernoulli
traffic, as shown by a comparison of Fig. 11 to Fig. 10.
This discrepancy, which is most pronounced when
input-windowing is not used accounts for the repeated
cell collisions that can occur due to the burstiness in
the traffic pattern. An interesting observation in this
case is that the discrepancy in the delay between the
case of correlated traffic and Bernoulli traffic becomes
less pronounced as larger window-sizes are used. This
indicates that input-windowing is in particular effec-
tive in compensating for the adverse effects of bursti-
ness in the traffic pattern.

Fig. 12 illustrates the throughput performance of
a 23 x 23 banyan network for various sizes of inter-
mediate buffers and windows. The lowermost curve
corresponds to the case where a double buffer is pro-
vided at the inputs of each intermediate stage (with
the window size being one), which yields a saturation
throughput of 0.58. As mentioned earlier, an interme-
diate cell within the switch can move only if there is
adequate space in the buffer at the next stage, or if a
cell at the next stage will move during the current cy-
cle. Therefore it is intuitive that increasing the size of
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the intermediate buffer should improve the through-
put, and this is exemplified in Fig. 12. In particular,
increasing the intermediate buffer size from two to
four resulted in a throughput improvement from 0.58
to 0.69. Fig. 12 also depicts the improvement at-
tained by using different window sizes. A buffer size
of two permits window-sizes of up to 2; increasing the
window-size from one two in this case resulted in a
throughput improvement from 0.58 to 0.64. A buffer
size of four permits a maximum window size of four,;
increasing the window-size from one to four in this
case improved the saturation throughput from 0.64
to 0.83.

The delay performance of the banyan network
under Bernoulli traffic conditions is illustrated in
Fig. 13, with buffer and window sizes being identi-
cal to those considered in Fig. 12. Fig. 14 illustrates
the variation of the delay parameter for a banyan
switch under correlated traffic conditions. A com-
parison of Fig. 14 to Fig. 13 will show the signifi-
cantly higher average delays (within the unsaturated
region) caused by traffic correlations as compared to
those corresponding to the Bernoulli traffic. As in
the case of the crossbar switch, usage of larger win-
dow sizes (in intermediate crossbars) serves not only
to improve the overall performance but also to re-
duce the discrepancy between the average delays of
the correlated and Bernoulli traffic.

As mentioned earlier, the major performance lim-
itation of banyan networks is attributable to the in-
ternal blocking of cells caused by the sharing of in-
ternal paths. The effect of this phenomenon will be
even more pronounced if one were to consider hot-
spot traffic (i.e. all traffic generated by each input
being destined for a fixed output line, with the set
of I/O connectivities being conflict-free). This is ap-
parent from the dashed curve shown on Fig. 15 which
illustrates the delay performance of an 23 x 23 banyan
under hot-spot traffic conditions (note that increas-
ing the sizes of intermediate buffers and windows will
not be helpful in this case). As mentioned in Sec-
tion 2.2.2, one way to circumvent the adverse effects
of hot-spot traffic conditions is to employ two iden-
tical banyan networks in tandem with the first stage
being employed as a randomization network and the
second stage as a router network. Fig. 15 also illus-
trates the delay performance yielded by the tandem
banyan arrangement; the performance improvement
attained by the latter modification is apparent from
this figure.

The performance improvement obtained by em-
ploying the tandem organization could, however, lead
to out-of-sequence delivery of cells at the destinations,
due to the variable delays along the multiple paths.
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One strategy to circumvent this drawback would be to
employ a resequencing buffer each output stage. The
specific details of the resequencing algorithm were
described in Section 2.2.2. As part of the simula-
tion effort, we have studied the blocking probability
within resequencing buffers of various sizes applied
at the outputs of the tandem network considered in
Fig. 15. The results of this performance study illus-
trated in Fig. 16 demonstrate the significance of using
a resequence buffer of adequate size to maintain the
rejection probability within acceptable levels. In par-
ticular, inadequate resequence buffering (e.g the case
of a buffer size of 10 shown in Fig. 16) could offset
the performance improvement yielded by the tandem
organization as a majority of cells that pass through
the switch will be rejected due to the extent of out-of-
sequence delivery being too large to be “cushioned”
by the resequencing algorithm.

6 CONCLUDING REMARKS

In this paper we have conducted a performance eval-
uation of various switching architectures based on
the Asynchronous Transfer Mode (ATM) under mul-
timedia traffic conditions. The methodology adopted
here is based on discrete-event simulation to facilitate
an accurate representation of the architecture of the
switches and stochastic behavior of the multimedia
sources. The two broad classes of switching systems
considered include the basic crossbar switches and
the multistage banyan networks. Under each case,
we examined various buffering and windowing strate-
gies. The two types of traffic sources considered were
the memoryless Bernoulli sources and the the bursty
sources, represented as 2-state Markov chains. The
latter model is appropriate to accurately characterize
the correlation effects observed in multimedia traf-
fic such as voice and video. The results obtained
by our simulation effort indicate the deterioration in
performance when correlation effects are taken into
account. Input windowing may be employed as an
effective mechanism to circumvent the drawbacks as-
sociated with head-of-line blocking and correlation ef-
fects. The results discussed in this paper indicate
that apart from providing an overall improvement in
delay and saturation throughput, the window-based
approach also leads to a significant reduction in the
discrepancy in performance delivered to memoryless
and bursty traffic sources. A comparison of the basic
banyan network and a tandem banyan arrangement
under hot-spot traffic conditions has also been con-
ducted as part of this study. Our results illustrate the
significant performance improvement provided by the
tandem arrangement. However, the latter approach
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can lead to out-of-sequence delivery of cells at the
destinations, and this may be unacceptable in cer-
tain real-time applications. One way to remedy this
drawback would be to employ a set of resequencing
buffers at the outputs of the switch. This scenario
has also been simulated to characterize the cell loss
in the resequence buffers. The corresponding block-
ing performance curves underscore the need to use
an adequate buffer size in order to take full advan-
tage of the performance improvement obtained with
the tandem arrangement.

As part of the future extension to this work, we
are investigating the development of analytical mod-
els for the scenarios considered in this paper. Sev-
eral researchers have developed analytical models for
certain classes of switching systems under Bernoulli
traffic conditions. However, as noted here, the perfor-
mance under multimedia traffic conditions differ sig-
nificantly from that predicted by the Bernoulli mod-
els, due to the correlation characteristics of the for-
mer. In view of this, the major challenge ahead would
be to develop approximate analytical models for the
basic crossbar and banyan switches subject to corre-
lated traffic, and to extend these models to the case
of input-windowing.
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