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Abstract
Recently, many ::: ~ur(;e models have been developed to emulate more or less precisely
all kinds of traffic sources. In this paper, we employ various source models to investigate their influence on the performance of High Speed Local Area Networks
(HSLANs). Our investigations are carried out for two well-known HSLANs, namely
FDDI-II and DQDB. These HSLANs are supposed to fill the gap between Local and
Wide Area Networks (LANs, WANs). Based on detailed simulations we present some
results, which depict the impact of correlated and uncorrelated source models on the
performance of the selected HSLANs.

1

Introduction

Within the field of inhouse communication, Local
Area Networks (LANs) play more and more an
important role. Their rapid development can be
~haracterized by identifying three generations of
LANs.
The first generation comprises well-known LAN s
such as CSMAlCD (Ethemet), Token Bus or
Token Ring. They are standardized and available
on the market. Technological progress and the
demand for service integration have forced the
development of a second generation of LANs.
They are mainly characterized by the following
improvements:
- service integration using hybrid switching
principles
- high data transmission rate (typically greater than 100 Mbps)
- covering large geographical areas
- fibre optic transmission systems.
The representatives of this network generation

are often called Metropolitan Area Networks
(MANs) or High Speed Local Area Networks
(HSLANs) (the latter only provide packetswitched services). Up to now, several prototypes

have been implemented, and two proposals have
almost finished the international standardization
phase, namely DQDB [1] and FDDI [2, 3]. The
third generation is expected to provide multigigabit per second transmission speeds, but here
research is still at its beginnings.
The next two sections briefly describe the selected
networks DQDB and FDDI-II, respectively. In
section 4 the applied source models are explained
and section 5 shows some results based on
detailed simulation studies.

2

DQDB

Distributed Queue Dual Bus (DQDB) [1] is proposed as the IEEE 802.6 standard for MANs. It describes a medium independent protocol, which
can operate at a variety of speeds.
The physical structure, underlying this protocol,
consists of a pair of unidirectional buses, which
transport information in opposite directions.
Every node is attached to both buses via a logical
OR writing tap and a reading tap. The head station generates a frame every 125 ps which is subdivided into equal-sized slots. The end station
terminates the forward bus, removes all incoming
slots and generates a frame at the same transmission rate on the opposite bus. Which bus to
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use for transmission depends on the physical
location of the source and the destination node.
A slot comprises an access control field, a segment
header and a payload area for isochronous and
non-isochronous traffic. Slots for isochronous
traffic (Pre-Arbitrated Slots, PA-Slots) are preallocated by the Head-End Stations, i.e. this part
of the system capacity is managed centrally. The
access to slots for non-isochronous traffic (Queued
Arbitrated Slots, QA-Slots) is controlled by the
Distributed Queueing MAC-Protocol.
In this media access protocol, each node maintains a record of the momentary network loading,
i.e. the number of slot segments awaiting access
to the medium. With this count a station, which
has a segment ready for transmission, indicates
its position in the Distributed Queue. Therefore,
segments ready for transmission in other stations
that are queued first, gain access to the bus first.
The DQDB MAC-layer provides a service for isochronous traffic as well as two services for nonisochronous traffic, one connectionless service
which runs under the Logical Link Control (LLC)
and one connection-oriented service. Due to the
fixed size of a slot, protocol data units arriving
from the LLC entity have to be segmented into
fixed length units, so-called segments.

has a Token Rotation Timer (TRT), which
measures the time between subsequent token
arrivals. Upon token arrival at a station, the
value of the TRT is copied into the Token Holding
Timer (THT). First, the synchronous packets
waiting for transmission are served. Then the
THT starts counting upwards in order to control
the . maximum number of asynchronous packet
transmissions. Multiple packet transmissions are
allowed, and generally the queues are emptied
before the token is passed to the next station.
However, if the THT reaches the level TTRT
(Target Token Rotation Time), which was negotiated between the stations during the initialization of the system, the token must be passed to
the next station immediately after completing the
current packet transmission.
Since this protocol allows multiple packet transmissions per token arrival, it provides efficient
use of system bandwidth. Overloaded stations are
prevented from hogging the token, which would
occur with exhaustive service. Furthermore,
mean and maximum token rotation times are
limited above by TIRT and 2*TTRT, respectively,
which is the basis for the introduction of a synchronous traffic class with guaranteed bandwidth
and delay.

4

3

FDDI

FDDI (Fibre Distributed Data Interface) was
standardized by the American National Standards X3T9 committee. It is based on a dual fibre
optic ring topology with a maximum ring length
of 100 km and a data transmission rate of
100 Mbps. The stations are connected actively to
the ring and may support up to three different
traffic classes. An initial version (FDDI-I) of the
standard provides only for two packet switched
(PS) traffic classes, namely asynchronous traffic
with 8 pri(ll"jties and synchronous traffic, where
PS connections with guaranteed bandwidth and
delay can be established. This first version has
been extended to a second one (FDDI-II), which
additionally provides isochronous, i.e. circuit
switched (CS) channels. It is based on a 125 Jlsec
cycle [2], which is partitioned into 16 so-called
Wide Band Channels (WBCs). Each of these
WBCs can be used either for CS or PS traffic.
The packet Media Access Control (MAC) parts [3]
of both, FDDI-I and FDDI-II, work according to
the so-called Timed Token Protocol. Every station

Source Models

Up to now, most of the known performance evaluations for HSLAN s assume the arrival process of
packets at a station to be a Poisson process. To
investigate the sensitivity of the performance
results with respect to the traffic assumptions, we
employ three different types of traffic generators.
The first one models the packet arrival process to
be generally independent distributed. We
describe this distribution approximately by the
mean inter-arrival time tA and the coefficient of
variation c. This two moment approximation [4]
leads to a hypoexponential distribution (a Markovian phase following a deterministic phase) for
o S c S 1 or to a hyperexponential distribution
(two Markovian phases in parallel) for c > 1 for
the inter-arrival time for packets. Then for the
hypoexponential distribution the phaselength of
the deterministic phase is calculated by
tn =tA (1 - c) and the mean phaselength of the
Markovian phase is calculated by tM = tA c. For
the hyperexponential case the mean phaselengths
of the two Markovian phases are given by
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and the probabilities to
proceed to phase 1 or 2 are PI

=

tA and
2tl

P2 = 1 - PI, respectively.

The next traffic model we used is the talk spurtsilence source model [6]. It is a two phase model
which alternates between its talk spurt and its
silence phase. During its talk spurt phase it generates a burst of packets, i.e. a number NT of
packets with a constant inter-packet time !PT.
We assume the number N T of packets to be geometrically distributed with mean nT' At least one
packet is generated in every burst. With this
choice of the talk spurt phase this traffic model
represents an uncorrelated traffic source. The
silence phase is assumed negative-exponentially
distributed with mean ts. If we now fix the mean
inter-arrival time tA, the coefficient of variation c
and the burstiness B, the parameters for the talkspurt-silence traffic model can be calculated with
the following equations:

1

ts

=2" tA

(B - 1)2+ c2B2

B (B - 1)

The packet arrival process for the third type of
traffic model we used is represented by a twostate Markov Modulated Poisson Process
(MMPP) [5]. In both states packets are generated
according to a Poisson process with arrival rate
Al and A2, respectively. Changing into the other
state occurs with rate ri (transition rate from
state i to the other state). So the model is
characterized by the packet arrival rates Al and
A2 and by the infinitesimal generator R of the
underlying Markov chain. With

e = [~J and fixing A1 > ~ we can calculate the
mean inter-arrival time of packets as

U sing the second moment of the inter-arrival
time of packets t~) = 2 tA II A (ll - Rr3 A e ,we

'\J~)

-t!

get the coefficient of variation c=
tA
For the burstiness we get B = A2 tA' In contrast to .
the source models presented before the MMPP
model has a memory, i.e. this source model is
correlated.

5

Results

In this section we show some results based on
simulation studies. For each of the selected
HSLAN s a detailed simulation up to layer 2a of
the ISO reference model has been developed.
Packets arrive at layer 2b according the arrival
processes described in the last section.
To show the influence of the various traffic generators on the performance of the packet media
access parts, we choose a network configuration
with 10 stations equally distributed over a
medium length of 5 km. For DQDB each bus will
operate at a transmission speed of 150 Mbps and
the slot size will be 48 + 5 byte whereas the FDDI
system will provide a total data transmission rate
of 100 Mbps. Packets arriving at the stations of
both HSLANs are assumed to have a constant
length, 48 byte for DQDB, i.e. a packet fits
exactly into one slot, and 269 byte for FDDI. The
values are chosen in a way, that the ratio
between the length of the transmission overhead
and the information length is the same for both
HSLANs. Due to our intention to show only qualitatively the influence of the packet arrival processes on the waiting times for packets, the differences in the parameters are not relevant. The
systems are symmetrically loaded and the destination addresses of the packets are symmetrically
distributed, too. For the following diagrams the
confidence intervals given are calculated on a
95% level. The offered load used in the Figures is

related to the total data transmission rate of the
chosen system.
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Figurel: DQDB: Mean waiting times versus the
offered load

Figure 2: FDDI: Mean waiting times versus the
offered load

Fig. 1 shows the mean waiting time for segments
in a DQDB station versus the offered load. The
packet arrival processes are generally independent distributed with different coefficients of
variation. For each coefficient of variation there
are two curves; one curve for the segment waiting
times in node 1 and one curve for node 5,
respectively. This is due to the known fact, that in
a DQDB network the waiting times for segments
depend strongly on the location of the considered
node on the bus. Obviously, there is no significant
difference in terms of mean waiting times up to
50% offered load. For higher loads, the mean
waiting times increase the higher the coefficient
of variation of the inter-arrival times is assumed.
Normally, segments arriving at a node located in
the middle of the buses suffer higher delays than
segments arriving at a head-end node. This behaviour changes completely as can be seen in the
curves for c =2 or c =3 and a high load.

MAC protocols are sensitive to the arrival process
of packets in the high load region.

Assuming the same arrival processes, we obtained the results in Fig. 2 for FDDI. In principal,
the curves show the same mean waiting time behaviour as shown for DQDB. But in an FDDI
network stations are served equally in a way,
that there are no differences in terms of mean
waiting times for packets. Due to the selected
parameters (data transmission rate, packet size)
and due to different delays in a system with light
load, the time scales for Fig. 1 and Fig. 2 are ·
different. As depicted in the Figures, both packet

Therefore we fixed the offered load to 80% for the
following Figures to show some other effects on
the MAC protocols. According to Fig. 1, the waiting time behaviour of segments waiting for
transmission in node 1 and node 5 is different
only in the high load region. So Fig. 3 depicts the
mean waiting times of packets versus the node
number. The results are obtained for generally
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Figure 4: DQDB: Mean waiting times versus the
node number

in Fig. 4 and Fig. 5 are given in Table 1. The
burstiness of these two arrival processes is assumed to be equal to 3.

independent distributed segment arrival processes varying their coefficient of variation. The
first three curves Cc =0,01 ... c = 1,5) show the
typical behaviour of the segment waiting times in
a DQDB system, as described above and wellknown from the literature. However, if the coefficient of variation of the inter-arrival times equals
2, the mean waiting times of segments are almost
equal at each node, i.e. for the chosen configuration the DQDB system seems to be fair. For c > 2
the typical behaviour becomes reverse, i.e. segments waiting in node 1 suffer a higher delay
than segments waiting in node 5.

Fig. 4 and Fig. 5 comprise seven curves each,
whereby in each case there are three curves
depicting results of the mean waiting times of
packets obtained by using various source models
with c = 1,16 and c = 2,0, respectively. The
seventh curve in the Figures shows the results for
packet arrivals according a Poisson process, as a
comparison.
U sing a Poisson process, a talkspurt-silence
model Cc = 1,16) or generally independent
distributed inter-arrival times (c = 1,16) the typical behaviour of a DQDB system is obtained.
Using a MMPP Cc = 1,16), a talkspurt-silence

We additionally investigated two other arrival
processes, namely a talk spurt-silence model and a
MMPP as described in section 4. The parameter
values for these traffic models used for the results

T/S

MMPP
Al

A2

rl

r2

IPT

[msec- 1]

[msec- 1]

[msec- 1]

[msec- 1]

[msec]

DQDB, c =1,16

42,44

169,76

4,244

33,96

0,005889

2,008

0,023657

DQDB, c =2,0

5,31

169,76

15,39

33,96

0,005889

5,159

0,060761

FDDI, c = 1,16

2,5273

10,1095

0,25273

2,0219

0,098916

2,085

0,39736

FDDI, c =2,0

0,31592 10,1095

0,9156

2,0219

0,098916

5,1634

1,0215

nT

ts
[msec]

Table 1: Parameters for the MMPP and talksl)urt-silence model
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model (c = 2,0) or generally independent
distributed inter-arrival times (c = 2,0) shows the
same effect like in Fig. 3; the segment waiting
times are almost equal among all nodes.
Modelling the arrival process with a MMPP
(c = 2,0) the typical unfair behaviour of DQDB is
inverted again.

Poisson arrivals may be completely different for
other packet arrival processes. Due to this fact it
is necessary to predict precisely the traffic parameters of future services in order to develop most
realistic source models and to obtain accurate
results.

In Fig. 5 the same results are provided for FDDI.
Obviously, packets waiting for transmission at
any station suffer the same delay. It can be seen
from Fig. 4 and 5, that delays for the uncorrelated
models are almost the same, but if the arrival
process is correlated, the delays are increased.
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Conclusion

In this paper, we presented the impact of correlated and uncorrelated source models on the performance ofDQDB and FDDI. It has been shown
that there is a significant sensitivity of the MAC
protocols on the delay behaviour. Assuming the
same coefficient of variation, sources with correlated inter-arrival times lead to higher delays
than sources with uncorrelated inter-arrival
times. Especially for DQDB the characteristics of
the unfairness between nodes in terms of delay
depend strongly on the coefficient of variation
and the correlation of the packet arrivals. That
means, that results obtained in many studies for

