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ABSTRACT 

In this paper we present a solution to 
improve the unfairness problem of distributed 
queue dual bus. This solution requires only a 
minor modification of the current protocol and 
wastes no bandwidth to resolve the unfairness 
problem. Simulation result shows that the 
proposed strategy has higher throughput and 
lower message delay than other strategies. 

1. INTRODUCTION 
The distributed queue dual bus is a 

communication network designed with a 
slotted access protocol that is becoming the 
IEEE 802.6 standard[5][7][9]. As the 
transmission rate and distance spanned by 
networks increase, slotted protocols can be 
much more efficient than token-passing 
protocols. However, some problems with 
unfairness in the DQDB networks have been 
identified[3][4][6]. It has been shown that with 
the current DQDB protocol, extremely unfair 
operating conditions can occur during 
overloads. When two nodes separated by 50km 
perform file transfers simultaneously, one 
station can obtain more than a hundred times 
the throughput of the other station, resulting 
in unfair delays. 

To overcome the unfairness problem, 
some strategies have been proposed[4][8]. A 
Bandwidth Balancing (BB) strategy [4] is 
implemented by adding an extra counter 
(called a trigger counter) per station. Every 
time a station transmits a data segment, its 
trigger counter is increased by one. When the 
counter reaches a constant p, it is reset to zero 
and the request counter is incremented by one. 
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This strategy converges to a fair operating 
point when several nod- are performing large 
file transfers. But there are two shortcomings 
in the Bandwidth Balancing DQDB. First, it 
wastes some bandwidth to achieve fairness. 
The larger the waste is, the faster the 
convergence is. Second, the message delay of 
BB DQDB is longer than that of current 
DQDB. The Message Queue with Proportional 
Assignment (MP) Strategy [a] is a combination 
of Proportional scheme and ( 
Multiple-Request ) FCFS-Message-Based 
DQDB. In MP strategy, the bandwidths are 
allocated in proportional to the offered loads, 
but stations are ale0 allowed to have multiple 
outstanding requests 80 as to maintain a 
current version of the "global mesaage queue". 
Similarly, it suffers the same defects as 
Bandwidth Balancing DQDB. 

In this paper we propose a 
Priority-Promoting (PP) strategy to resolve 
the unfairness problem and it has better 
performance than the other two strategies[4][8] 
in throughput and message delay. 

2. Priority-Promoting DQDB 
DQDB ie of a dual-bus topology as 

shown in Figure 1. Each head of a bus 
generates continuous slots of fued duration 
that travel along their respective buses. Each 
slot in DQDB contains a busy bit and a 
request bit. The busy bit indicates whether or 
not the slot is occupied by a packet, while the 
request bit is used for sending request for 
future packet transmission. When a station is 
idle, it keeps counting the number of requests 
from its downstream usem via the request 
counter(RQ-CTR). The request counter 
increases by one when the station receives a 
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request bit and decreases by one for each 
empty slot in the forward channel. When the 
station becomes active, it transfers the content 
of request counter to count down 
counter(CD-CTR) and resets the RQ-CTR 
to 0. The station then sends a request in the 
reverse channel by Betting the first unused 
request bit of the reverse channel. The count 
down counter decreases by one for every 
empty slot in the forward channel. When the 
count down counter reaches to rero, the 
station Bends out the data segment into the 
first empty slot of the forward channel. Under 
DQDB protocol, a station would send a 
request for a packet transmission only when 
the corresponding packet reaches the top of 
the buffer. Since the relative frequency that a 
station successfully sets a request bit on the 
reverse bus determines the carried load of the 
station, that station's throughput can be lower 
if it is not allowed to signal all of its queued 
packets soon enough. This is especially true 
when overload occurs. The later version of 
DQDB allows stations to generate multiple 
outstanding requests when a station has 
multiple packets buffered, and each station is 
also allowed to have a request pending counter 
which keeps count of the number of buffered 
packets at the station whose corresponding 
requests have not yet been generated. 

In our proposed Priority-Promoting 
DQDB, a station is allowed to generate the 
requests for all of its queued packets as soon as 
possible. When a station accepts a message of 
1 requests from downstream, it will send all of 
the /L requests as quickly as it can. Thus, the 
upstream station can really understand the 
traffic load of downstream stations. This 
scheme is implemented by using a 
Request-Pending Countere(RP-CTR) at each 
station. The counter is incremented by 1.1 when 
a message of p packets is accepted by the 
station. Each time a request is sent out, its 
counter is decremented by one. A station 
persists on sending requests as long EIS the 
contents of its Request-Pending Counter is 
nonzero. This strategy is followed in[5]. In our 
strategy, every station has a request counter 
and a passing counter but no count down 
counter. The request counter counts unserved 
requests from downstream nodes as in DQDB. 
When a station have any buffered packets to 

be transmitted, it waits for an empty slot in 
the forward channel, then checks if its request 
count is rero. If its request counter is not rero, 
this means that there are buffered packets in 
the downstream station waiting for 
transmission, thus, it passes the empty slot to 
downstream stations, decreases its request 
counter by one, and increases its passing 
counter by one. The passing counter is used to 
indicate how many empty slots the active 
station has continuously passed to downstream 
stations. When the passing counter reaches to 
a constant value CU, the station will promote 
its own priority to the highest. Thua it will 
send out its buffered packet to the first empty 
dot ignoring if its request counter is zero. The 
passing counter is reset to zero whenever the 
station sends out a packet successfully. The 
value cu dominates the minimum available 
throughput of a station. Consider that there 
are N stations connected by a DQDB network, 
and each station performs large file transfer, 
thus each station tries to control all of the bus 
capacity. Because the system is overloaded and 
multiple requests are permitted, all the request 
bits of the reverse channel are always set. 
Thus, the request counters of upstream 
stations will never reach zero. If the control 
parameter of Station 1 is set to all it will pass 

cu empty dots to downstream stations then 

use one slot. Thus, its throughput is l/(1+al). 

Similarly, the throughput of Station 2 is equal 
to ol/((l+al)(l+a2)). It is easy to infer that 

the maximum throughput 7 of Station n is 

1 

/n-1 a. 1 
for n<N 

i = l  "=I '-7,-T2-. ...... -7, - for n=N 

If we set cu to be the number of downstream 

stations, the throughput of each of the N 
stations is equal to 1/N. If the traffic load of 
Station n is p which doesn't exceed 1/N. The 

throughput S of Station n will be p The 

flowchart of this Priority-Promoting strategy 
is shown as Figure 2. 
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3. Performancc Comparieonr and Conclusion 

In thie section, we compare the 
performance of Priority-Promoting( PP) 
DQDB to other modified DQDB protocol. In 
the simulations, each station is provided with 
multiple message buffers. The message arrivals 
at Station i follow an independent Poisson 
process with rate A. msg/slot, and message 

lengths of Station i are geometrically 
dietributed with mean /A pkt/msg. For 

Bandwidth Balancing DQDB, the value of p is 
chosen to be 9. In Table 1, we show the mean 
message delay under different schemes with 5 
active stations, and bus utilisation equal to 
0.9. The distances between stations are 100, 50 
and 1 slots, respectively. Furthermore, we 
consider one of the five stations to be 
heavily-loaded with 9/10 of the total traffic, 
while the remaining load is equally shared by 
the other four stations. The location of the 
heavily-loaded station is moved from the most 
upstream position on bus to the most 
downstream position. Under BB strategy, the 
mean delay at the heavily-loaded station is 
much higher compared to the delay at the 
lightly-loaded station and the upstream 
stations have smaller delay compared to 
downstream stations. However, in MP 
strategy, the delay at the heavily-loaded 
station is slightly lower compared to that of 
the liihtly-loaded stations and the upstream 
stations have smaller delay compared to 
downetream stations too. Wherean in PP 
strategy, the heavily-loaded stations have 
higher delay than lightly-loaded stations do, 
and the upstream stations also have smaller 
delay than downstream stations. From table 1, 
the delay is about 1000 slots in PP scheme, 
2000 slots in MP scheme, 5000 slots in BB 
scheme and 1000 slots in current DQDB 
scheme. Thus, the delay time of PP scheme is 
much better than both BB scheme and MP 
scheme, and slightly better than current 
DQDB scheme. Table 2 shows the distribution 
of bandwidth among three active stations, 
when the upstream and downstream stations 
are involved in long file transfers and the 
middle station is a low-rate user, with Poisson 
arrivals. We find that the unfairness problem 
disappears. The low-rate user will not be 

1 

affected by the overloaded user. When the 
traffic load of low-rate user L 0.2 which is 
under 1/3, ita throughput is 0.2. The 
remaining bua capacity (1/3 - 0.2) in shared 
by the downstream user whom throughput is 
0.466667. When the traffk load of low-ate 
user is over 1/3, its throughput will be l i i t e d  
to 1/3. We also find that the total throughput 
in PP DQDB is equal to 1 which represents 
that the PP DQDB does not waste bandwidth 
to achieve fairness. 

The current DQDB protocol can be 
extremely unfair during overload condition. 
Although some other strategies can resolve this 
problem nuccemfully, they all waste some 
bandwidth to resolve the problem, and the 
speed of convergence dependn on the cost it 
spends. This paper proposes another method 
which can successfully resolve the unfairness 
problem in overload condition and has a 
superior performance than other schemes. 
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Figure 1 DQDB Network 
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Figure 2 The flowchart of Priority-Promoting DQDB 
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Table 1 Effect of interstation distance on message delays in a five-station 
network ( mean message length = 100 slots) 

X Message arrival rate = 0.0081 + Message arrival rate = 0.000225 

Table 2 Throughput for Heterogeneous users 
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