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The Distributed Queue Dual Bus (DQDB) is a protocol specified by the IEEE 802.6
Standard Committee for Metropolitan Area Network (MAN) for interconnecting hosts, local
area networks and workstations. A potential problem with DQDB is the achievement of
fair sharing of bandwidth, in case of over- load conditions, in terms of the location of the
access node for "Queued Arbitrated" (QA) slots (e.g., for data packet and ATM
communications). For the sake of compensating this unfairness, the IEEE standard
recommends to utilize the Bandwidth Balancing (BWB) mechanism with proper value of
the system parameter named BWB- MOD. This paper presents a new strategy, to
overcome the unfairness problem of DQDB protocol, named Proportional Bandwidth
Balancing (PR- BWB) mechanism. The proposed scheme performs bandwidth allocations
to the individual stations in such a way that the assignments are in proportion to the
individual offered traffic loads. Simulation examples are employed to compare the
performance of the proposed scheme with those of regular DQDB and BWB- DQDB. The
simulation results provide a deep insight into the equilibrium access of data channel by
all active stations. The results also show that the station throughputs are independent of
the station's position and the state of the network when the overload occurs.
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1. Introduction

The Distributed Queue Dual Bus (DQDB) is
a protocol specified by the IEEE 802.6
Standard Committee for Metropolitan Area
Networks for interconnecting hosts, local area
networks and workstations. The topology of
DQDB is based on two unidirectional buses
supporting communications in opposite
directions. Stations can read and write on
both buses and communicate with each other
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by selecting the proper bus. DQDB is a slotted
system and has the potential to utilize the
whole channel bandwidth independent of the
network span, the number of nodes and the
transmission rate. The performance obtained
with the DQDB access protocol is shown to
approach the perfect scheduled performance
under favorable conditions [1]. However, it has
been reported in various publications that
large propagation delay to transmission time
ratios (high bit rates and large networks) can
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cause a certain degree of unfairness in access
delay, which depends on the stations positions
with respect to the head of bus station and the
time they first start transmitting, in the sense
that the stations located closer to the head of
a bus may experience higher throughput
and/or lower message delays, and bandwidth
can be shared unevenly during Ilong
transmissions, such as file transfer [2-4]. More
importantly, the unfairness is caused by the
fact that an  overloaded station will
continuously transmit segments in one
direction and requests in the other one.
Stations that are located downstream from the
overloaded station will find all slots filled with
segments and station upstream will receive a
continuous stream of requests.

To solve the unfairness problem, an
enhancement to DQDB protocol, the
Bandwidth Balancing (BWB) mechanism was
proposed in [5] and had been chosen by the
IEEE 802.6 Standard Committee to be
incorporated into the DQDB protocol to
remedy the unfairness problem. The BWB
mechanism satisfies the bandwidth demands
of lightly- loaded stations, while limiting the
maximum bandwidth available to each
heavily- loaded station in order to leave an
unused portion of bandwidth. This unused
bandwidth permits the congestion on the
network to relax and allows equal sharing of
the available (remainder) bandwidth among
the overloaded stations. Further, the allocated
bandwidths are independent of the stations'
positions on the bus, and they only depend on
the set of offered loads on that bus [6].

This paper presents a new strategy, to
overcome the unfairness problem of DQDB

protocol, named Proportional Bandwidth
Balancing (PR- BWB) mechanism. The
proposed scheme performs bandwidth

allocations to the individual stations in such a
way that the assignments are in proportion to
the individual offered traffic loads. Thus,
unlike BWB, the PR- BWB mechanism
penalizes lightly-loaded stations as well, but it
makes the allocations sensitive to the offered
loads at heavily- loaded stations.

The organization of the remaining part of
the paper is as follows: Section 2 describes the
original DQDB  access mechanism for
asynchronous traffic and introduces the

concept of Bandwidth Balancing (BWB).
Section 3 is devoted to the description of the
proposed scheme (PR-BWB) and the
implementation method to realize it. In section
4 the simulation results are obtained for
various possible scenarios for different
network sizes. Finally, Section S concludes the

paper.
2. DQDB medium access control protocol

DQDB is based on two unidirectional
buses, which can carry traffic in opposite
directions [7]. Each station can read and write
on both buses. Information is carried on slots
of fixed duration, generated by the slot
generator at the head of each bus. The
duration of a slot is equal to the size of a data
segment of 44 bytes, plus the header of 9
bytes. Each slot contains in its header a busy
bit and three request bits, one for each level of
priority supported by the DQDB medium
access protocol. We are interested in operation
at only one level of priority, and hence, we will
not discuss the behavior of the protocol under
multi priority traffic.

The busy bit of a slot indicates whether
the slot is empty. The request bit is used for
making reservations of empty slots, for data
segments, in the opposite direction. Since the
operation in both directions is identical, we
will consider data transmission in one
direction only. One of the two buses is called
the data channel (bus A), and the other will be
called the reservation (or request) channel
(bus B), as shown in fig. 1. Flow of data slots
is from upstream stations to down stream
stations in the data channel. Requests are
placed in the reservation channel in the
opposite (upstream) direction.

Bus A
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Bus A i % Bus B
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Fig. 1. DQDB network.

530 Alexandria Engineering Journal, Vol. 40, No. 4, July 2001




S.A.E. Nouh / Improving the fairness in BWB-DQDB

Each station has two counters, called the
request (REQ) counter and the countdown
(CD) counter. When a user is idle, only the
REQ counter is in operational. While in this
state, the REQ counter is incremented by one
for each request detected in the reservation
channel and decremented by one for each
empty slot detected in the data channel, as
shown in fig. 2. When a user becomes
active, the content of the REQ counter is
transferred to the CD counter and the REQ
counter is reset to zero. Although an arriving
packet may contain multiple segments, only
one segment at a time is admitted per node in
the network. For each segment registered, the
user sends out a request in the reservation
channel by setting to 1 the first free request
bit received. Independent from this, the CD
counter is decremented by one for
eachempty slot passed by. When the CD
counter reaches zero, the segment is
transmitted in the first free slot observed.
During the time the CD counter is active, the
REQ counter is incremented for each request
received from the downstream stations, as
shown in fig. 3. It must be noted that, since
access to both buses is independent, it my
happen that a segment is transmitted before
the corresponding request could be sent out.
In such a case, a new segment is registered
immediately, if available, and the content of
the REQ counter is transferred to the CD
counter.

Bﬁsy
I 2

decrement for
each empty slot

&)

increment for
each request

Bus B
; Request

Fig. 2. Request counter operation; idle state.

Several analysis for the effect of
propagation delay on fairness in DQDB [8-18]
demonstrated that in some cases under

overload condition the throughput of the
different stations is not equal, with unfair
advantage to the station that starts
overloading the network. Consequently, a fair
access mechanism is essentially needed to
ensure equal distribution of the available
bandwidth among ready stations.
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LI T T T T 1T 79]

decrement for
each empty slot

Bus A

increment for
each request

8 N

Request

Bus B

L1 1

Fig. 3. Req abd CD counters operation; active state.

To solve the unfairness problem, an
enhancement to DQDB protocol, the
Bandwidth Balancing (BWB) mechanism was
proposed in [5] and had been chosen by the
IEEE 802.6 Standard Committee for
incorporation into the DQDB protocol to
remedy the unfairness problem. The main idea
here is to perform better bandwidth allocation
by allowing some bandwidth wastage. Each
station is required to leave, intentionally, some
empty slots into which it could have otherwise
transmitted. Specifically, each station is
allowed to transmit during a fraction a (o < 1)
of its normal transmission time. Let a =
B/(B+1), where B is a positive integer. Then,
each station will let go by untouched an
additional empty slot after its every pth
transmission [5]. This scheme can be
implemented by using an additional counter
(called a trigger counter) per station. Where,
every time a station transmits a data segment,
its trigger counter is incremented by one.
When the counter reaches B, it is reset to zero
and the request counter is incremented by
one.
The "wasted bandwidth" concept is the key
principle behind why the BWB mechanism
works so well. Although each station performs
only a local operation (i.e., it transmits in at
most a fraction of slots that is allowed to
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access), the "wasted bandwidth" essentially
creates a covert signaling channel, with the
ultimate result that the steady- state station
throughputs converge to the same
distribution, independent of the network's
initial condition. This desirable property was
not present in original DQDB.

3. Proportional bandwidth balancing
mechanism

In the BWB mechanism, all the lightly
loaded nodes take exactly their needed
bandwidth, and all the overloaded nodes take
their bandwidth equally. So the throughput
achieved by each overloaded node is the same,
called the control rate R. The bandwidth
allocations do not change with increase or
decrease of the offered loads at the nodes
causing overload as long as these loads are
above a certain threshold (the control rate R),
which is a function of the scheme's "wasted
bandwidth" parameter B and the offered loads
at the various nodes. As an example, consider
a network with three active nodes 1, 2 and 3.
Let their offered loads be 0.24, 0.4 and 0.5
pkts/slot, respectively. If the parameter B is
set to 9 (i.e., the corresponding wasted
bandwidth is 0.04), then the bandwidths

allocated to the stations under BWB
mechanism will be 0.24, 0.36 and 0.36,
respectively [5]. The allocations remain

unchanged as long as the offered loads at
nodes 2 and 3 are both above the value 0.36
(which is the control rate R in this case),
assuming that station 1's traffic rate remains
unchanged.

An alternative strategy would be to
sensitize the bandwidth allocations to the
actual values of the offered loads at the nodes
causing overload, not just to the fact that they
are above a certain threshold. This leads to
our proposed scheme in which the bandwidths
are allocated in proportion to the offered loads
at the various nodes. Thus, in the above
example, the bandwidths allocated to stations
1, 2 and 3 will now be 0.2, 0.34 and 0.42
(approximately), respectively, for the same
amount of wasted bandwidth, 0.04. As
another example, consider loading of 0.4, 0.6
and 1.0 at the three nodes. The bandwidths
allocated by the BWB will be 0.32, 0.32 and

0.32, where as, using the proportional
scheme, they will be 0.19, 0.29, and 0.48
(approximately), respectively, for wasted

bandwidths of 0.04 under both schemes.

The PR- BWB scheme is motivated by the
BWB mechanism. In the BWB strategy, the
control rate R is the same for all the rate-
controlled stations. More specifically, the
control rate R is proportional to the idle bus
capacity, with a proportionality constant f3
(B>1). That is,

R=B[1-> T;|, (1)
J

and
I; =min(R,%;),

where A; and T; are the offered load and the
carried load (throughput) respectively at
station i, (1-%i Tj) is the idle channel capacity
Wg ( i.e., the wasted bandwidth), and § is a
parameter which determines the scheme's
wasted bandwidth and the threshold load at
which rate control sets in.

Under PR-BWB mechanism, it is required
that the rate control at Station i be
proportional to Station i's offered load (i.e., R:
a Ai), and also that stations leave some spare
capacity, as in BWB mechanism, for proper
bandwidth sharing in a decentralized fashion.
Then the rate control for station i is given by:

R =BprAi|1-D. Tj|, (2)
j

where Bpr is a constant parameter, but we
retain the condition,

T; = min(R;,A;) . (3)
For a given distribution of offered loads {Ai} so
that rate control is in effect, it follows from

egs. (2) and (3) that:

I'i =Bpr Ai W . (4)
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Thus, the bandwidth allocation is
unrelated to the state of the network when
overload occurs. Since the form of eq. (4) does
not change if any two variables I'iand I'jare
interchanged, the steady state throughput
distribution is independent of the network
configuration (viz. the relative positions of the
stations on the network).

For implementation purposes, we note from
egs. (2) and (3) that, when rate control is in
effect, the carried load of the Station i can be

given by:

Tj=aqj|l- ) T , (5)
all j#i

where,

a = _PPRAL
' 1+BprA;

Hence, eq. (5) can be implemented by
restricting the Station i from taking more than
a fraction ai of the spare capacity left over by
the other stations.

The PR-BWB mechanism can be
implemented through a minor change to the
original DQDB protocol. In DQDB, as
explained in Section 2, the station i can
transmit a data segment whenever its CD-
counter is zero and the data- bus empty slot is
available. We propose instead that the station
i will be permitted to transmit only a fraction
ai of that time. This is achieved by artificially
increasing the REQ counter by one after every
Brr Ai data segments transmitted, forcing the
station to send an extra empty slot
downstream. Note that the value of (Brr Aj
must be truncated or rounded off to an integer
number. In our simulation experiments, we
choose to perform the rounding operation. To
implement this scheme, only one more
counter, called the trigger (TR) counter, is
required at each station per bus. The
operation of the TR counter is explained as
follows:

() If the parameter Bpr = 0, this indicates that
PR-BWB is disabled, the TR counter is idle
and the access function is allowed to transmit

in the normal way that was explained in
Section 2.

(II) If the parameter Brr# O, this indicates that
PR- BWB is enabled and the TR counter is
incremented by one every time the station i
transmits a data-segment onto the data- bus,
as long as the value of this counter is less
than (Brr Ai).

(1) When the value of the TR counter reaches
(Brr ), the counter is reset to zero and the
REQ counter is incremented by one if no
segment is queued. Otherwise, the CD counter
is incremented by one. This makes it happen
that the access function to the data- busis
forced to skip transmitting the segment in the
next available empty slot.

In order for the scheme to respond
dynamically to the changing loads, a station
should estimate its own arrival rate A:from
time to time, and calculate the value of its
corresponding (BrrA) with which to operate its
trigger counter. The above estimation and
calculation can be performed by the upper
layers of the protocol, and the value of (Brr i)
can be placed in a register whose contents
determine when the trigger counter should fire
(i.e., when should the station leave an
additional empty slot).

It is worthwhile to deduce the relation
between the wasted bandwidth (Ws) and the
scheme's parameter Brr. Let y be the total
throughput of the system (i.e., the total
carried load). It is known that the system
wastes the minimum amount of bandwidth
when all stations are rate controlled. When
the rate control is not in effect, we have y= L,
where L = Z; A; is the total offered load, and
Wi = 1 - L. On the other hand, when stations
are rate controlled, egs. (2) and (3) imply that:

i =BprAi(l-7).

That is,

: ity
ry _ Z . (6)

) = = .
t-v) BprAj BPRZ)‘i BprL

Therefore, we have

=_B_1'B_IL_ (7)
1+BPRL ’
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and

1
=l

" TBerL A

Intuitively, we observe that, for a given Brr, the
bandwidth wastage decreases with the
increase in the total offered load when rate
control is in effect. Note that this desirable
property is not present in the BWB
mechanism.

4. Simulation results

In order to compare the performance of
the various schemes (normal- DQDB, BWB-
DQDB, and PR-BWB- DQDB ), simulation
model of the network running under the above
strategies is used. The analytical simulator is
based on a discrete time dynamic flow model,
which takes into account the distributed
nature of the DQDB protocol, the network
speed and size as well as propagation delay,
and the various patterns of overload
conditions. The simulator is characterized by
low computation times, so that one can
investigate the behavior of the three strategies
in a network with a large number of stations.
The programming language used is Pascal. For
more details refer to [19].

Simulation results of the three mechanisms
are obtained, based on 150 Mb/sec line
capacity for each bus, slot size equal to 53
bytes, propagation speed 200 000 Km/sec and
the distance between any two successive
nodes is 4Km. The running time is 6000- slot.

Fig. 4 depicts the throughput performance
for the above three strategies in a network
consisting of three stations, S;, S;, and Sj,
with offered loads, A;=1,A,= 1 and A; =0.6
pkts/slot, respectively. The system operates
according to the scenario in which the most
upstream station S; becoms active first, the
middle station S; starts second, and the most
downstream station S3 starts third. It is
obvious that, under overload condition
(ZA,> 1), the original DQDB protocol achieves
unfair sharing of bandwidths allocations, fig.
4-a [7-10]. When the BWB mechanism is
applied, fig. 4-b, we note that all the three
stations have the same throughput of 0.32
pkts/slot, (for the system parameter § =9, i.e.,

Ws = 0.04, [5] ). Fig. 4-c represents the
throughput performance of the PR-BWB
mechanism, for the same Wp =0.04, (where Brr
is calculated using eq. (8) ). It is clear that the
throughput performance of the PR- BWB
mechanism is much better, from the fairness
point of view, than that of the BWB scheme,
where the bandwidth allocated to each station
is proportional to its offered load.

Throughput
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Fig. 4. Throughput comparisons of DQDB, BWB and PR-
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In fig. 5, we compare the throughput
efficiencies for the two protocols, BWB and
PR- BWB, for another scenario in which the
most downstream Station S3 becomes active
first, S; starts second and S, starts third. The
offetred loads at S;, S;, and S3, are
L=04,1,=0.6 and A= 1 pkts/slot,
respectively, and the wasted bandwidth (W =
0.04) is the same for the two schemes. The
obtained results show that, under overload
condition, the bandwidths allocated, by BWB
mechanism, at the three stations are not
sensitive to the variations of the offered loads
at the various stations, (where the throughput
results of figs. 4-b and 5-a are the same,
although the offered load at each station for
the two cases is different.) On the other hand,
from figs. 4-c and 5-b, we note that the PR-
BWB mechanism is very sensitive to the
changes of the offered loads at the different

stations, that is, the PR- BWB scheme
performs  bandwidth allocations to the
individual stations in such a way that the

assignments are in proportion to the
individual offered traffic loads.

The effect of change of the total offered
load on the wasted bandwidth Wpg, for a given
Brr, is considered in fig. 6. The throughput
results are based on the same number of
stations, scenario and Prr of fig. 5-b, but the
total offered load is increased such that,
L=05,1,=0.8 and A3 = 1 pkts/slot.

We note, from fig. 6, that the
corresponding steady - state throughputs, for
the three stations are, I') = 0.21, I, = 0.34, and
[3=043, that is, the corresponding W = 0.02,
( W = 1-XT,), while the throughputs of fig.
5(b) are based on Wg = 0.04. This means that,
for a given pBpr, the bandwidth wastage
decreases with the increase in the total offered
load when rate control is in effect. Note that
this desirable property is not present in the
BWB mechanism.

Figs. 7 and 8 show the throughput
performance of the BWB and PR- BWB
mechanism in a network consisting of five
stations, with the scenario in which all
stations become active at the same time. The
distribution of the offered loads for the five
stations is, A= 0.8, A2 =0.5, A3 = 0.6, A4= 0.7
and As = 0.9 pkts/slot and W= 0.04. Again,
the throughput performance of the PR- BWB

mechanism is very sensitive to the offered

loads.
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Qualitative analysis of the improved
performance of the PR-BWB can be explained
as follow. Under over- load conditions and
when the PR- BWB mechanism is enabled, the
upper limit of the station’s TR counter is set to
the value which is proportional to the station
offered load, A This means that the
intentional unused empty slots by Station iis
greater than those by Station j where ( Ai < A;j).
These wasted bandwidth essentially permits
the congestion of the network to relax and the
remaining bandwidth is divided among the
stations in such a way that the station
throughput, I, is proportional to its offered
load, A. Moreover, the station throughputs are
independent on the state of the network when
overload occurs (refer to eq. 4), but they only
depend on the number of active nodes, the
system parameter Bpr and the offered load A.
Finally, the trigger counter TR which has been
added in each station, neither causing

drawbacks on the system performance nor
overhead in the frame format [5, 6, 18, 19].

5. Conclusions

The paper has presented a new strategy, to
improve the unfairness problem of DQDB
network, named Proportion Bandwidth
Balancing (PR-BWB) mechanism. This
proposal is to employ proportional assignment
so that under overload conditions the bus
bandwidth can be divided among all of
stations in proportion to their offered loads,
independent of the network size, the relative
station positions and the state of the network
when overload occurs. The expressions for the
throughput of PR- BWB are developed. The
proposed scheme is implemented through an
additional counter, called Trigger counter.
Simulation examples are employed to compare
the performance of the PR-BWB with those of
regular DQDB, BWB- DQDB scheme. The
results show that, when the PR- BWB is
applied, the station throughput is
independent of the state of the network when
the overload occurs, but it depends on its
offered load and the system parameter Brr.
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