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Abstract An approximate performance analysis of the DQDB (Distributed Queue Dual Bus) 
medium access protocol is presented. The aim of this queueing analysis is to provide solutions, 
which should be easy to evaluate but deliver sufficiently accurate performance measures describing 
major behaviors of the protocol. The analysis uses embedded models to evaluate a decomposition of 
the medium access delay of the non-isochronous (i.e. asynchronous) data packets. Allthough higher 
moments can be derived, closed-form equations are given for the mean medium access delay. Multiple 
priorities are taken into account. In the analysis a fixed (but freely to choose) isochronous traffic ra.te 
is considered. The asynchronous station-to-station traffic forms a traffic matrix that defines Poisson 
arrival streams. Simulations with various input parameters were done to verify the results obtained 
by the analysis. 

1 Introduction 

The Distributed Queue Dual Bus (DQDB) access pro
tocol has been discussed heavily as a possible medium 
access protocol standard for high-speed local area and 
metropolitan area networks. When this paper was writ
ten, the standardization process of the DQDB access 
protocol as a high-speed local area and metropolitan 
area network was nearly completed by the IEEE 802.6 
working group. But still some possible changes had been 
under consideration. So we had to use a former version 
of the proposed standard [6] which will perhaps differ 
from the final standard in some details. 

Most of the earlier studies on performance aspects of 
DQDB were based on simulations dealing with a re
stricted number of stations attached to the system (e.g. 
[2,5, 12, 15] etc.). Only few papers proposed some ap
proximate analyses [11, 14, 16, 17] based on various suc
cessive releases of the standardization process [1, 6, 8, 
9, 10]. For a configuration of two stations Wong [15] 
showed analytically that the system behavior under sat
urated traffic conditions in terms of the ratio of access 
delays and bandwidth sharing between the two stations 
is strongly dependent on the initial system state prior 
to the overload period. This implies that approximate 
queueing analyses which are based on the assumption of 
a statistical equilibrium only promise to be successful in 
cases were such overload situations are not taken into 
account. 

Since the DQDB medium access protocol is dedicated 
for use in metropolitan area networks and large high
speed local area networks, it is essential to consider a 
large enough number of stations in the performance in-

vestigation to reflect real system environments. In con
sequence a large amount of simulation time is needed if 
significant results for varying sets of parameters are to 
be obtained. Therefore it would be very useful if ana
lytical methods could be developed. Because an exact 
analysis seems impossible, the best we can achieve is a 
good approximation which is easy to evaluate. 

This paper will describe an analysis method providing 
closed-form solutions which are very simple to evaluate 
and sufficiently accurate for the parameter range con
sidered. The analysis is based on a compound model 
using nested systems of type M/G/l and multi-priority 
M/G/l. We refer to this as the concept of embedded 
models . 

The paper is organized as follows. In Section 2 the ba
sic DQDB medium access mechanism is described. Sec
tion 3 presents an outline of our modeling method and 
some details of the analysis. A few examples of our nu
merical results for configurations which have been vali
dated will be discussed in Section 4. 

2 DQDB access mechanism 

We will present a brief description of a generic DQDB 
system and the corresponding medium access protocol. 

A DQDB system is based on a pair of slotted unidirec
tional buses flowing into opposite directions (see Fig. 1). 
Each station is attached to both buses and is able to read 
information from the above taps ('read taps') as well as 
to write data to the beneath taps ('write taps'). 

With respect to bus A we call the stations 1 to i-I 
upstream and stations i+ 1 to N downstream of station i. 
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Figure 1: DQDB system structure 
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For bus B the terminology is symmetric. To prevent the 
upstreams stations from utilizing the total bandwidth of 
a bus for their nonisochronous (i.e. asynchronous) data 
transfers, a reservation mechanism is introduced. 

This mechanism is based on the following principles: 

• broadcast a request to all upstream stations for 
every slot you want to use 

• keep track of all access requests issued by down
stream stations 

• do not access the appropriate bus before all re
quests of downstream stations prior to its own are 
satisfied. 

This part of the protocol makes heavy use of the Access 
Control field (ACF) which is the first Byte in every slot 
(see Fig. 2). 

payload area 
(48 Bytes) 

Figure 2: Slot Format 

For a more detailed descripton of this access mechanism, 
called Distributed Queueing, we will now focus on the 
data transfer on bus A - the other direction is fully 
symmetrical. The precise definition of a station's behav
ior is given by the state transition diagram of the Dis
tributed Queueing state machine (DQSM). Fig. 3 shows 
the DQSM for priority q E {O, 1,2, 3}, where the highest 
priority is 3. 

In the IDLE state, when there are'nt any segments to 
send, the station watches all slots that pass by on bus 
B and increments the request counter (RQq) for each 
priority p ~ q request (REQp = 1, cf. Fig.2). On the 
other hand for every free slot (i.e. BUSY = 0, see Fig. 2) 
that passes by on bus A, the RQq > 0 with the highest 
priority q is decremented. 

IDLE COUNTDOWN 

{Se/f-REQp for bus d} 
&: {p> q} 

{SeIJ-REQ p for bus d 
increment CDq I &: {p > q} 

I 
{any segment to send} 

increment RQq 
i ... e Se/f-REQq for htu d 

issue REQq on bus r 
{REQp on bus r} 

CDq:= RQq 
&: {p> q} 

{REQp on bus r} 
RQq:= 0 increment CDq I &: {p > q} 

I increment RQq 

{REQp on bus r} 

&: {p = q} 
{empty QA slot 

increment RQq I on bus d} {empty QA slot on 

I decrement RQq 
bus d} &: {CDq = o} 

.et BUSY hit to 1 {empty QA slot on tran.mit .egment 
bus d} &: {CDq > o} 

decrement CDq I 

Figure 3: A simplified state transition diagram 

When a station wants to transmit a segment of prior
ity q to a downstream station on bus A, it notifies all 
of the upstream stations of this wish by switching the 
REQq bit which is available next (i.e. REQq = 0) on 
the opposite bus B to 1, performs a transition to the 
COUNTDOWN state, sets the countdown counter C Dq 
of priority q to the current value of RQq and resets RQq. 
Those segments which are queued in the station with a 
lower priority are delayed by incrementing their corre
sponding RQ or CD counter, respectively. This proce
dure is called self-request for bus A and priority q (see 
Fig. 3). Now C Dq counts the requests with priority ~ q 
that have to be served prior to the segment, while RQq 
represents those which are observed afterwards. When 
CDq has reached 0, it is allowed to use the next empty 
slot on bus A for transmission (unless no (self)-request 
of a higher priority arrives in the meantime). After the 
transmission a backward transition to IDLE is executed. 

Priority q packets that arrive when the DQSM of pri
ority q is in the COUNTDOWN state, are stored in a 
local queue, meanwhile. It should be mentioned that op
erating the DQSM and sending requests are two asyn
chronous processes, as opposed to former versions of the 
draft standard. 

This mechanism is called Queued-Arbitrated (QA) ac
cess, in contrast to the Pre-Arbitrated (PA) access which 
is to support isochronous (Le. synchronous) services like 
voice and video. The PA-traffic is controlled by the head
end station(s) and the corresponding slots are marked 
by setting the TYPE bit, appropriately. This is done 
to destinguish them from QA-slots because PA-traffic is 



not allowed to use QA-slots and vice versa. 

For a full definition of the DQDB protocol see the stan
dard proposals [6]. 

3 Modeling and analysis 

3.1 System model and assumptions 

We consider a network with N stations which operate 
the DQDB access protocol. The distance between sta
tions i and j is denoted by rij. The network carries 
both isochronous and non-isochronous traffic. We as
sume that there is a freely to choose but fixed amount of 
isochronous traffic, which is preallocated by the slot gen
erators. As mentioned above, the access to both buses 
is fully symmetrical, so that the traffic flows in the two 
directions can be decomposed. Therefore we will focus 
on the investigation of the data transfer e.g. on bus A. 
The analysis of the opposite direction is done in exactly 
the same way. 

We will observe a data segment of priority q, which is 
generated in station i and passed across the medium 
access control unit. It is then to be transmitted on bus 
A to station j, where j > i . Of course, the corresponding 
request is transferred on bus B. 

Fig. 4 depicts our model of a DQDB station considering 4 
priorities. There is one layer of queues for each priority. 
All of the layers are analogous and operate in parallel 
according to the DQSM (Fig. 3). 

(1) 

Bus A 

Schedule 
Positions 

Bus B 

G;! 
(5) \ 

Target 
Station 

Figure 4: Sending part and modeling concept 

The lifetime of a segment can be described by the time 
instants (1) to (5), as depicted in Fig. 4, This leads to a 
decomposition of a priority q packet's segment transfer 

time, using the following random variables, which are 
significant for the calculation of its overall delay: 
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TW r.v. for the waiting time in the local queue in 
station ij each priority level has a separate local 
queue. 

TJj) r.v. for the waiting time in the schedule position 
in station i. This waiting time is dependent on the 
state of the global queue, in conjunction with the 
distributed queueing scheme. 

T34 r.v. for the virtual transmission time (see Fig. 5). 

T45 propagation delay from station i to station j. 

In analogy to this definition, the medium access delay is 
T1(1) and the segment transfer time is T~~). 

In the following we assume th~t all incoming nonisochro
nous traffic streams are Poisson and that the preallo
cated isochronous slots are equally distributed in the slot 
stream. 

The arrival rates of priority p packets from stations i to 
stations j are denoted by ,\~%). A~p) is defined as 

N 

A~p):= L ,\~%) (1) 
j=i+1 

while Ai is the sum of all A~p) 's for all priorities p. With 
T"lot be the slot duration, the asynchronous bus utiliza
tion Pi of station i and the total asynchronous traffic P 
on bus A are 

N 

Pi = Ai . Ta10t and P = L Pi . 
i=l 

3.2 Embedded modeling and medium access 
delay 

(2) 

We will consecutively determine the distribution func
tions of T34 , TJj) and T~~), which finally deliver the dis
tribution of the medium access delay Tl1) . 

N : occupied from stations < i I : isochronous slots 
bus A 
~-~I~ITI~!N~!~!Tlw!Nm!Nml~I~1~IN~I"tTI~I-nIl~IN~I-n!I~!Nml~N~!I~INml~!I~I~I~II"I-

I- T34 -+i I I I I 
downstream segment from station i 

x ; request from stations> i 

Figure 5: Virtual transmission time T34 

The r.v. T34 can be interpreted as the interval between 
free slots seen from the station i (see Fig. 5). Station 
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i sees a slot stream on bus A, where two types of busy 
slots can be observed: i) isochronous slot patterns which 
are periodically allocated and ii) slots already occupied 
by non-isochronous traffic from stations 1, ... , i-I. The 
probability that a passing slot is used for isochronous 
traffic is denoted by PI. For station i, we approximately 
describe T34 (cf. Fig. 5) with the following geometric 
distribution: 

k 
Pr{ T34 = -- slots} 

1- PI 
i-I p ' where qi = E __ J - • (3) 
j=1 1 - PI 

From modeling point of view, T34 is the service time seen 
from all segments waiting for transmission, which have 
been noticed from station i, i.e. those from stations j 
where j ~ i. The waiting time TJj) of segments in one 
of the schedule positions (cf. Fig. 4) is approximated 
by the waiting time in a multi-priority M/G/1 system 
(system I of Fig. 6, which uses the same time instants 
as Fig. 4) with holding time T34 and premptive resume 
service strategy. The arrival process of priority q to this 
system is the superposition of all downstream segment 
arrival processes of priority q inclusive the station's own, 
which again results in a Poisson process. We have to 
note that the real derivation differs a little: the Laplace
Stieltjes transforms (LST) of the distribution functions 

f 't' . -T(q) h fi f o wal mg tIme 23 up to t e rst start 0 a segments 

service and virtual service time T;~, which includes the 
real holding time T34 as well as additional delays caused 
by interruptions through higher priority segments, are 
calculated. Using the LSTs of the waiting and virtual 
service times of the various priorities as given in [7], we 
can derive the LSTs of the overall delays of system I by 
multiplication. One important property of system I is 
that the mean service time increases while the arrival 
rate decreases with higher number i of the observed sta
tion. 

System I 

System 11 
I-Medium Access Delay T14-J 
I Transfer Delay T15 

Figure 6: Segment lifetime and analysis concept 

As mentioned, the interval TJ1) can be considered the 
virtual transmission time seen from those priority q seg
ments, which arrive at station i to be transferred on bus 
A. We describe the waiting processes in the local queues 

(see Fig. 4) by means of a M/G/1 systems (system 11 in 
Fig. 6). The service process of this queueing system is 
modeled using the embedded modeling concept, i.e. the 
service time of system 11 is the sojourn time of system 
I, denoted by the r.v. TJ!). The arrival process is de
scribed by all priority q arrivals to the station. We apply 
an M/G/1 analysis to calculate the LST of the distribu
tion function of Tt(~) and derive T t(!) by summing Tl~) 
and TJ!) or multiplying the corresponding LSTs, respec
tively. The decomposition of the medium access delay 
as shown in Fig. 6 is not only a time decomposition, but 
contains nested intervals computed by different submod
els. 

To obtain the total transfer delay, the propagation delay 
T45 , which can be easily estimated from the station-to
station distance rij, has to be added. To obtain the dis
tributions we used a calculation in the Laplace-Stieltjes 
domain, out of which the moments of the resulting distri
butions can be derived. An example for the mean value 
of the medium access delay is given in the appendix. 

4 Numerical results 

We consider a metropolitan network with N = 49 sta
tions, which are equidistantly located on a DQDB sys
tem of length 100 kilometers and transmission capacity 
136 Mbps per bus. The slot length is chosen at 53 Bytes 
(48 B segment payload, 4 B header, 1 B ACF). Although 
any percentage of isochronous traffic can be chosen, we 
assume a fixed amount of PI = 50%. In the diagrams 
shown in this section, the asynchronous traffic is nor
malized to the available bandwidth for non-isochronous 
traffic streams as p. = p/(l - PI)' The medium access 
delay is measured for one transmission direction (bus A) 
only. Delays are given in J.Lsec. Simulative results are 
depicted in all of the figures by their 95 % confidence 
intervals. For all configurations the stations were sym
metrically loaded, i.e. all .x~j) of a given priority class 
are identical. 

Fig. 7 depicts the mean access delay of stations 1 and 24 
as a function of the asynchronous traffic intensity for one 
priority traffic. It is shown that in the low to medium 
load range (up to p. = 50 %), the medium access delay 
does not differ very much for the various stations and 
loads. Only at higher loads (p. > 80 %) large differences 
and excessive delays can be observed. 

In Fig. 8 two priority classes are considered. The high 
priority traffic represents 5 %, the low priority traffic 
95 % of the total nonisochronous load p. = 0.5. It can 
be seen in Fig. 8 that the mean medium access delay 
is station-dependent, according to the often mentioned 
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Figure 7: Medium access delay vs asynchronous traffic 

unfairness behavior of the DQDB protocol (cf. [5, 14, 
15]). It is interesting to note that, allthough there is 
a significant difference in the medium access delays of 
the two classes of asynchronous traffic at the upstream 
stations, the delays at the end of the bus are nearly 
identical, i.e. you do not gain significant advantages by 
using higher priorities at the downsteam stations. 

14 

_---------x-----------------12 

~10 _----~- -
~ 

high priority 

I 8 

~ 6 

1 
4 

slmulatlon :::a: 

g*.0.5 

O~----~------~----~------~----~ o 10 20 30 
station number 

40 50 

Figure 8: Dependence of access delay on station number 

Fig. 9 presents a similar situation for the case of four 
priorities. The asynchronous traffic of p. = 0.5 is sub
divided into fractions of 0.01, 0.04, 0.15 and 0.8 (from 
high to low priority). Confidence intervalls are depicted 
for priority 0 and 2; the results for priorities 1 and 3 are 
comparable. Like in the two priority configuration, the 
gradients of the delays for priorities 1 to 3 are clearly 
higher than the delay for the lowest priority. On the 
other hand there is not much difference between the re
sults for the priorities 1 to 3, so it seems to make sense to 
omit one of the priority classes, if this enables the imple
mentation of some new features to improve fairness, as 
it was under consideration by the IEEE 802.6 standard 
committee when this paper was written. 

All of the observations hold for the analytical as well as 
for the simulative results. Comparisons show that the 
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Figure 9: Four traffic priorities 

analysis is sufficiently accurate especially for dimension
ing purposes. 

5 Conclusion and outlook 

An approximate performance analysis of the DQDB me
dium access protocol concerning multiple priorities has 
been presented. The analysis is based on a decompo
sition of the medium access delay, using the technique 
of embedded modeling. The basic models are of type 
M/C/1 and multiple priority M/C/1 (preemptive re
sume), respectively. An arbitrary amount of preassigned 
isochronous traffic has been considered. Through the use 
of Laplace-Stieltjes transforms for approximations of the 
various delays in the system we derive closed-form solu
tions for measures like mean values of the medium ac
cess delays of the various priority classes. If it is desired, 
higher moments can also be calculated. By means of 
simulation it has been shown that the approximation is 
sufficiently accurate for an important range of protocol 
parameters. 
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A Mean of medium access delay 
- some formulae 

Starting with the observation of T34 seen by station i we 
can calculate its ordinary moments 

T610t 

1- qi 

( T610t ? (1 + qi) 
1- qi 

( T610t )3. (1 + 4 . qi + qj2) 
1- qj 

(4) 

(5) 

(6) 

with 

i-I R 

qi = T6lot ' I: I: A}p) , 
j=lp=1 

where R is the number of priorities availablel . 

Define 

PO,m 0 
p N 

Pp,m I: I: A}k) E[T34M] 
k=1 j=i 

with p E {I, ... ,R} and m E {1,2,3}. 

(7) 

(8) 

(9) 

Then the first two moments of the waiting time until ser
vice of a segment starts for the first time can be written 
as (cf. [7]) 

E[T~~] 

E[T~~2] 

(10) 

(11) 

while the expressions for the virtual service time (see 
section 3.2 and [7]) are 

E[T34] 
1 - Pp-l,1 

(12) 

E[T(P)]2 + E[T34]Pp_l,2 
34 (1 - Pp-l,l)3 

(13) 

The moments of the sum of these random variables are 

E[Tir)] 

E[Tir) 2] 

E[T~~] + E[T~] (14) 

E[T~~2] + E[T~r] + 2E[T~~] . E[T~] . 
(15) 

Applying an analogous calculation to the M/G/l system 
II we obtain (see [7]) 

A(P) 1 
i . _E[T.(p)2] 

1 - A~p) E[TJr)] 2 24 • 
(16) 

These results can be used to yield the medium access 
delay's mean T(p) 14 

(17) 

1 In contrast to [6], according to [7] we define the highest priority 
to be 1 while R is the lowest. 


