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ABSTRACT

The performance evolution of a high-speed network, called Fiber Distributed Data Interface (FDDI), carrying
video and data traffics is tackled. Also, a proposal aspect to improve the FDDI performance for supporting the
asynchronous traffic that suffers low throughput and excessive delay is presented. It is well known that the
FDDI network is based on Timed Token Rotation (TTR) protocol for controlling the token rotation time. With
TTR protocol, packets are grouped into two classes: synchronous class, which represents video, and
asynchronous class, which represents the ordinary data. The study of the performance evolution and the
proposal aspect is done by means of computer simulation. The simulation results confirm that the proposal
aspect provides FDDI network more powerful for carrying video and data traffics.
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I. INTRODUCTION

Many multimedia applications are distributed in nature and involve networking and communications.
Examples of such applications are video on demands (VoD) for training and education, conferencing,
and computer supported collaborative work. There is a great interest in carrying these distributed
multimedia applications over existing network (which have been designed originally to carry
conventional data applications, such as database access, file transfer, etc.) [1]. It is a known fact that
the real-time (video) communication requires high-speed transmission and performance guarantees,
and end-to-end delay to be less than 100-200ms [2,3]. The FDDI high speed network is the suitable
for real-time communication because of its high speed transmission and performance guarantees it
provides [4-8]. The FDDI is also overcome the bandwidth saturation problem of the 10Mbps Ethernet
and the 4 —16 Mbps Token Rings due to its high speed transmission [5]. FDDI is one of the High-
Speed Local Area Networks (HS-LANs) standard [9], and provides a data rate of 100Mbps[8]. The
basic topology is a dual (counter-rotating) ring consisting of a primary ring for transfer and a
secondary ring for redundancy. Access to the ring is by a timed-token mechanism similar to that used
for token bus [11].

The Media Access Control (MAC) layer is one of the FDDI's four layers, defines addressing,
scheduling, and routing of data. It is also communicate with higher layer protocols, such as TCP/IP,
SNA, IPX, and DECnet. It operates according to the so-called TTR Protocol. During ring initialization
process, a protocol parameter called Target Token Rotation Time (77TRT) is determined, and that
indicates the expected target token rotation time. Each station is assigned a fraction of the TTRT
known as Synchronous Allocation (SAi), and that represents the maximum permitted time for a station
number i to transmit its real-time messages (i.e., digital video) whenever it receives the token.
Meanwhile, the Token Rotation Time (7RT) controls the transmission of non-real time messages (i.e.,
data packets) by measuring the time between successive token arrivals at a station. When a station
receives the token, the value of TRT is copied into Token Holding Time (THT), that is only if the
token arrived early, then the station can transmit its non-real time messages until the THT expires or
all its data packets are transmitted, whichever occurs first [12,13]. As mentioned above, the FDDI
network provides both bounded transmission delays and guaranteed bandwidth for real-time traffic.
This is because the transmission delay controlled by the ring’s TTRT, which guarantees each station to
have a chance to transmit its real-time messages at least once every (2*7TTRT) units of time (in the
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worst case). It also assures the average time between two consecutive token's visits to a node not to
exceed the TTRT. The bandwidth of real-time traffic for a station i is guaranteed by SAi.

II. A RELATED WORK

An extensive research has been conducted on FDDI networks, where the objectives were mainly
focused on maximizing the throughput and minimizing the delay to guarantee meeting the individual
message deadline. E. A. Khalil in [14] proposed a new protocol of FDDI's MAC to control the
maximum T7TRT in the worst case, the new protocol of FDDI’s MAC increasing both the throughput
of asynchronous traffic and the capacity of synchronous sources. Wang, and etc. [15,16] proposed a
new approach for allocating synchronous bandwidth, which can be easily implemented in practice. A.
P. Jayasumana, and etc. [17] presented a model can be used to evaluate the throughput of FDDI
networks for different priority threshold values, the model can also be used to determine the control
parameters of the priority scheme to meet the throughput requirements of different classes of traffic.
Sijing Zhang and etc in [18-27] have done extensive research in which conducted on using the timed
token protocol to guarantee timely transmission of messages in a communication environment. In [28]
Ching-Chih Han and etc., were formally proven that there did not exist any optimal local Synchronous
Bandwidth Allocation (SBA) scheme, they also proposed an optimal global SBA scheme. Daoxu
Chen and etc. in [29] first they proposed a new taxonomy of SBA schemes based on the underlying
strategy used to partition the synchronous bandwidth, second they presented an analysis of the timing
properties of the FDDI-M protocol, using the Worst Case Achievable Utilization (WCAU) as the
performance metric. Y Ofek and etc. in [30] described and evaluated a protocol for integrating two
types of traffic on the MetaRing architecture, the integration mechanism is functionally equivalent to
the timed-token function in FDDI, which is a shared media ring protocol. There are many related
works and researches were studied different applications of allocating synchronous and asynchronous
bandwidths in FDDI networks, and related researches were confirmed that the TTRT is the key
network parameter that network manager can use to optimize the performance of the FDDI ring
network [31-62].

In this paper the performance characteristics of the FDDI network carrying video and data traffics is
studied. The effect of the system parameters such as video packet length, data traffic intensity on the
network performance is discussed. The maximum number of real-time traffic the can be carried by the
network is also discussed. The proposal aspect for improving service to data traffic is included. The
next section describes network architecture. The traffic models and assumptions are discussed in
section 3. Section 4, explains the proposal aspects, followed by the simulation results in section 5,
finally section 6, and presents the conclusion.

III. NETWORK ARCHITECTURE

3. A. Assumptions

The network is simulated for FDDI ring network with N stations and 92Km length. All stations are
uniformly distributed on the ring, i.e., the station to station propagation delay is the same for all
station. Each station has a latency of 0.6ps and the latency of the link is the same as the propagation
delay of light through the fiber which is 5.085us/Km [63]. According to the FDDI standard, the
channel speed (C) is 100Mbps and the maximum packet size is 4500 bytes including header (28
bytes), and thus, the maximum packet transmission time is (36Kb/100Mbps) 0.36ms [64].

3. B. Network Configuration

The network consists of N nodes connected as point-to-point links forming a ring as shown in Figure
1. A special bit pattern called token circulates around the ring providing access control among the
active nodes. We consider that the ring latency is Trig , which represents the movement time of the
token around the ring without any disturbance by any nodes on the network.
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Figure 1 FDDI Network

3.C. FDDI's Medium Access Control Operation

The FDDI's MAC operates for N stations numbered 1 to N using the 7RT mechanism. The stations’

access to the ring is controlled by the following protocol:

1-With the network’s initialization process, each station is announced a Target Token Rotation Time
(TTRT), which equals one half of the request transmission delay (Treq) of its synchronous traffics.
The lowest value of (Treq) amog al Istatons is assigned to ring's TTRT. Then, each station have
synchronous traffic should assign a portion of the TTRT to transmit its synchronous packets. The
portion of TTRT, denotes bySAli, is greater than or equal to zero.

2- There are two timers at each station namely, Token Rotation Time (TRT), and Token Holding
Time (THT). With the first rotation of the token, there is no chance for transmitting any packet. All
stations are initialized the following parameters: TRTi = TTRT, THTi = 0, and LCi =0, (Where i
indicaes the station's 'number, and LC denotes late counter).

3- Both TRTi and THTi counters count down. However, when TRTi reaches zero before the token
arrives at station i, the TRT is rest toTTRT and the token is marked as late (i.e., TRTi = TTRT,
and LCi = LCi+1). Then the TRTi starts again to count down and LCi begin incremented by one
whenever TRTi expires. Noted that, if LCi > 1, the ring should reinitiate its process [12].

4- The station which captures the token is the only sation has the right to transmit its packets. The
transmission time of the packet is controlled by the timers, meanwhile the packet in transmission
progress will not be interrupted until the transmission of the packet is completed. The response of
the station that seize the token depends on the arrival time of the token which may be early or late.
It is considered early if LCi = 0, and late if LCi > O at the time of its arrival. In case of early
arrival, the following actions take place: i) THTi = TRTi; ii) TRTi= TTRTi; iii) For a duration
equals to SAi the station i tansmits its synchronous traffics, or upto the transmission of the hole
message, whichever occurs first.; and iv) The station i enables its THTi to count down, and begins
transmitting asynchronous traffics (if any) until THTi reaches zero or the transmission of the
whole packets, whichever occurs first. It is important to mention here that if, there is a bandwidth
(SAi) belongs to synchronous traffic not used by the station, that bandwidth can be used to
transmit asynchronous traffics, only if the token arrives early. In case of late arrival, the following
action take place: 1) LCi = 0; ii) TRTi counts down upto expire (it is to be noted here that TRTi
not reset as in the case of token arrives early); iii) For a duration equals to SAi the station i trasmts
its synchronous traffics (if any) or upto the transmission of the whole packets, whichever occurs
first; and iv) The asynchronous traffic will not transmitted.

5- Station i passes the token to the next station (i + 1), and so on.

IV. TRAFFIC MODELS AND ASSUMPTIONS
4.A. Stream Traffic

Figure 2 illustrates the block diagram of a station, which encodes and sends a video stream over a
communications network [1,2,65]. A frame is taken in the video camera, and sent as an analog signal
into the frame grabber, where it is digitized. Then it is compressed by the encoder. The data produced
by the encoder is passed to the station which packetizes the encoded video stream, and sends it over
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the network. We consider that video streams are encoded according to a coding standard such as
H.261 [66], or MPEG [67]. The encoding rate (V) is considered to be V= 1.5Mbps for high quality
video conferencing.

The sending station uses a fixed video packet length denotes as Pv in bits. Consequently the packets
are Generated regularly every Gp second (where Gp = Pv/V sec.).

Camera ] Sending § tion
3 ]

Frame Fncoder Fate Packetimer Transmit
Grabber | Baffer [

FReceiving Station

I
|
I .
Display (i | Decodar Drepacketization Fecelve
) ' Euff:
: -h g

FDDI Token
Passmmg Fing

Figure 2 Block Diagram of a Station Which Encodes and Sends a Video Stream

The maximum queuing delay until a video packet reaches the top of its queue is Qv-max. The
transmission time of a video packet is 7v second (where Tv=(Pv + H)/C sec., H is the packet header
which equals 28bytes, and C is the data rate which equals 100Mbps). The maximum transmission
delay of a video packet (Dv-max) can be given by the following: Dv-max = Gp + Qv-max + Tv + Ds,d
sec, where Ds,d represents the propagation delay between source (s) and destination (d) stations.
Here, it is to be mention that the video packets are required delivery within a bounded delay
(Dbound). This means that, the video packets that exceeding the bounded delay considered lost. The
probability of loss (Ploss) of a video packet is given by: Ploss =prob (Dv-max > Dbound).

4.B. Data Traffic

As described in [2,65] a data source is characterized by its message size (Md) and its average message
interval time (ud). We assume that, a data source generates fixed messages with uniformly distributed
interval times. If a message is longer than a maximum data packet size (Pd), it is divided into as many
packets as needed. In that case, the packets belonging to the message are placed into the transmit
queue as a bulk arrival. The total load of the network can be adjusted by varying the interarrival time
(ud). That is, if the total number of data sources is Nd, and the arrival rate of data message is 4 in
message per second (message/sec.), then the total data load (7d) over the network can be given by: 7d
=A* Nd* Md bl/s [68,69]. The maximum data packet transmission delay (Dd-max) can be given by:
Dd-max = Qd-max + Td + Ds,d sec. Where Qd-max is the maximum queuing delay faced the target
data Packet reaches the top of its queue. 7d is the transmission time of a data packet (where T7d
=(Pd+H)/C sec.). The normalized data throughput (od) (data traffic intensity) of the network can
givenby: pd =Td/C = (A*Nd *Md)/C .

V. THE PROPOSAL ASPECT

In the proposal aspect, we assume that there are N stations on the ring numbered from O to N-1. The
token circulates among all the N stations of the ring in a round robin fashion. The stations™ access to
the ring is then controlled by the following protocol [70]:

1- Each station declares its TTRT which equals to Treq, instead of one half of it. The smallest
value among them is selected as the ring's TTRT. Each station has synchronous traffic is then
assigned a portion of TTRT to transmit its synchronous messages. Let SAi > 0 denotes the portion of
TTRT that assigned to station i to transmit its synchronous messages.

2- Each station has two timers: Token Rotation Timers (TRT) and Token Holding Ring (THT).
During the first token rotation, no packets are allowed to be transmitted and the following parameters
are initialized at each stations: TRTi = TTRT, THTi = 0, and LCi = I. Note that LCi is set to 1 in order
to ensure that there is no transmission of asynchronous packets during the second token rotation.

3- Set a new parameter called total Asynchronous Time (7a), represents the total time used to
service asynchronous packets through a complete cycle of the token to be Ta >aTTRT -Tring. This
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can be realized by setting Ta =TTRT-Ts -Tring, (where T's is the bounded time used for transmitting
asynchronous packet Ts=2'SAi). If Ts<(1-@) TTRT, otherwise Ta=oITRT-Tring. Where o is a
reserved portion of the TTRT allowed for transmitting asynchronous packets, in the worst case, plus
the time requested to circulate the token around the ring once without transmitting any packet, such
that (Tring/TTRT) < o < 1/2.
4- The TRTi counter always counts down, meanwhile, the THTi counter counts down only when the
station i is transmitting or forwarding asynchronous messages. Whenever the THT counter of any
station reaches zero before the token arrives it, the token is marked as late by incrementing the
station's late counter (LCi) by one. Also, whenever the TRT counter of any station reaches zero before
the token arrives it, the ring recovery process is initialized.
5- Any station which has the token is eligible to transmit its packets. The packet transmission time is
controlled by the timer. The station is permitted to transmit a packet only if the transmission can be
completed before the timer (THTi or SAi) expires. Whenever station i receives the token, its response
depends on whether the token is early late. The token is considered to arrive early to station i if its
LCi =0, and late if its LCi > O at the time of its arrival.
A- If the token arrives early, the following status takes place:
i) TRTi = TTRT.
ii) If the station has synchronous packets, it transmits them either within a span of time equals to SAi,
or until all the synchronous packets are transmitted, whichever occurs first.
iii) The station i enables its THTi counter (i.e., it starts counting down) and begins transmitting
asynchronous packets until THTi reaches zero or all its asynchronous packets are transmitted,
whichever occurs first. Note that, if a station doesn’t use the guaranteed synchronous bandwidth (SAi),
the remaining bandwidth can be used to transmit asynchronous packets.
iv)  THTi is reset to Ta in order to compute the total time used to service asynchronous packets
during the next rotation up to receive the token.
B- If the token arrives late, the following status takes place:

i) TRTi = TTRT.
ii) LCi = 0,
iii) The station i can transmit synchronous packets (if any) for either a maximum time SAi, or until all
the synchronous packets are transmitted, whichever occurs first.
iv) The asynchronous packets will not be transmitted.

v) THTi is set to Ta (i.e., THTi = Ta).
6- The station i passes the token to the next station (i + 7).

VI. SIMULATION RESULTS

An extensive simulation study has been carried out. However, in this paper the focus only on the
effects of packet length and number of video sources as parameters on the various network
performances. All the measures are for the given values of MPEG (Moving Picture Expert Group)
coding rate V=1.5Mbps, maximum bounded delay Dv-max = 30ms, and audio packet loss probability
Ploss <0.1%.

Figure 3 shows the delay versus Pv for various pd. Initially with short Pv, the delay is very high this is
because the huge number of packets are generated and waiting for transmission with the short packet
length. However, as the Pv increases the delay decreases upto the minimum delay (which
corresponding the optimal packet length) reaches the delay increases as Pv increases due to the long
delay for the generation of video packet.

Figure 4 indicates Nv-max versus Pv, for various bounded delays Dv-max, and packet loss probability
Ploss < 0.01%. It is to be mentioning that as the Dv-max increases the Nv-max is also increase. This
is, because high delay resulting from heavy load, so as Dv-max increases Nv-max is also increase.
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Figure 5 shows the Nv-max versus Pv for various pd (data traffic intensity) and fixed bound delay Dv-
max = 30ms. Nv-max increases as the Py increases upto the saturation limit of the network reaches
(depends upon the value of pd), Nv-max decreases with the increase of Pv. This is because the optimal
packet length has sensitive effect on the maximum network capacity, however, initially with the short
Pv, Nv-max increases upto the optimal packet length reaches (correspond to the saturation limit), after
that, Nv-max decreases as Pv increases. The effect of pd is very clear as pd increases Nv-max
decreases, this is due to the contribute of data traffic with the video traffic. It is to be mention here
that, the bounded delay Dv-max = 30ms the maximum number of the video sources can be carried by
the network reaches to 63-64 audio sources and this compared well with the standard FDDI, which
can carried up to 66 video sources (100Mbps/1.5Mbps).

Figure 6 shows the data throughput versus Nv for various values of pd . It is to be noted that as pd
increases the data throughput is also increase. Meanwhile, as Nv increases the data throughput
decreases this is, because the video traffic has highest priority for transmission than data traffic; and at
the ring initialization process, the FDDI guarantees a pre-specified value of SAi at each synchronous,
however, the total bandwidth for video traffic increases as Nv increases, resulting in the bandwidth
for data traffic decreases, that problem has been solved by our proposal aspect.
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Figure 7 illustrates the throughput characteristics of asynchronous traffic for standard FDDI and our
proposal aspect. The Figure shows that the achievable throughput of our proposal aspect is higher
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than that of the standard protocol. However, with our proposal aspect as @ increases, the achievable
throughput is also increase. This is because the reserved portion of the T7TRT for transmitting
asynchronous packets increases as ¢ increases. This performance can be seen more clearly in Figure
8, which shows the average token rotation time for the standard FDDI and our proposal aspect under
the same conditions of Figure 7. Obviously, the shorter average token rotation time, the longer
transmission bandwidth that used for the token passing, resulting in, short bandwidth for
asynchronous traffic. The difference between asynchronous throughput is more pronounced with the
increasing of the average token rotation time.
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VII. CONCLUSION

This paper presents the performance evolution of FDDI network carrying video and data traffics. The
results compared well with the standard FDDI network, and show that the network parameters such as
packet length, tolerable bound delay, data traffic intensity, and loss constraints can be adjusted to
increase the FDDI's network capability for supporting multimedia applications. The simulation results
are also confirmed that the FDDI is suitable for synchronous traffic because of high speed and
performance guarantees it provides. However these guarantees are achieved at the expense of
asynchronous traffic, because synchronous traffics are given higher priority over asynchronous
traffics, resulting in excessive delays and low throughput for asynchronous traffics. Our proposal
aspect has tackled these problems, and confirms that the FDDI is suitable not only for the
synchronous traffics but also for asynchronous traffics. Just looking at the high throughput of
asynchronous traffic for confirmation.
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