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The Distributed Queue Dual Bus (DQDB) protocol, which has been specified by the IEEE 802.6 
as part of their standard for Metropolitan Area Network (MAN), is based on 'OR' writing. How
ever, by allowing erasing capabilities to some stations, its transmission capacity can be increased 
considerably. A detailed analysis of a DQDB subnetwork involving eraser nodes is presented which 
provides insight into the traffic behaviour, and the potential increase in capacity. Performance 
criteria for a DQDB subnetwork with eraser nodes are proposed. An efficient method for network 
design and dimensioning which is based on results of the analysis is also described. 

1 Introduction 

The Distributed Queue Dual Bus (DQDB) protocol 
has been specified by the IEEE 802.6 committee as 
part of their standard for Metropolitan Area Network 
(MAN). In addition the ANSI TIS1.1 committee con
siders DQDB to play an important role in their Broad
band ISDN - User Network Interface (BISDN-UNI) 
standard. We assume that the reader is familiar with 
the basic elementary terminology and concepts of the 
DQDB protocol [3]. The particular aspects of this pro
tocol which are required for this paper are described in 
Section 2 of [5]. 

The IEEE 802.6 standard [3] which requires that nor
mal DQDB stations use 'OR' writing does not include a 
protocol for the implementation of eraser nodes within 
its framework. Eraser nodes (or simply erasers) are 
stations which have the capability to erase slots which 
have already been read so that they can be re-used 
for transmission, thus increasing the network capacity. 
In order to guarantee fair sharing of the extra capac
ity created by erasing slots, it is desired (as proposed 
in [1] and [6]) that the eraser will be able to properly 
eliminate requests generated by downstream stations 
which enjoy the possibility of accessing erased slots. In 
this way, some of the extra capacity can be transferred 
from downstream to upstream stations. 

We begin in Section 2 with a detailed mathematical 
analysis of an idealistic model of a DQDB subnetwork 
involving eraser nodes which provides insight into the 
traffic behaviour, and the potential increase in capac
ity. Next, in Section 3 we propose criteria for evaluat
ing throughput and delay performance of eraser node 
protocols. Finally, in Section 4 we present an efficient 
method .for network design and dimensioning. 

2 Analysis 

This section provides an idealized analysis of a single 
priority DQDB subnetwork with erasers ignoring the 
effects of propagation delay in the transmission and re
quest channels, whereby we assume that one request 
is erased for every slot erased by the eraser. Let us 
call a set of stations between two subsequent erasers a 
section, and also define the total traffic in a section as 
total number of segments passing by, entering or be
ing generated in the section within a time-slot. Since 
in DQDB [3], a segment (of a packet) is transmitted 
within a time-slot, then the total traffic in a section 
must always be less than 1. The busiest sectl'on is de
fined as the section with the highest total traffic. We 
show here that the total number of requests arriving 
at the Head Of Bus is equal to the total traffic in the 
busiest section representing the total capacity required 
by the subnetwork. The analysis in this section also 
provides insight into the behaviour of both types of 
DQDB traffic, segments and requests, in the presence 
of eraser nodes. Towards the end of the section, we dis
cuss and demonstrate the gain in capacity which may 
be achieved using eraser nodes. 

Without loss of generality, consider transmission of seg
ments on bus A and requests on bus B. Assume that 
there are M eraser nodes between HOB A and EOB A. 
Let us assign the numbers 1, 2, ... , M to these eraser 
nodes in increasing order from HOB A to EOB A. We 
assume in this section that the function of an eraser 
is only to erase slots and request bits and neither to 
generate segments nor requests. This assumption is 
actually without loss of generality since if such func
tions are required for an eraser, it may be logically 
replaced by three separate stations: (1) a station clos
est to HOB A receiving on bus A and transmitting on 
bus B, (2) a non-active eraser, and (3) a station closest 
to EOB A transmitting on bus A and receiving on bus 
B. Without loss of generality, we assume that the only 
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function of HOB and EOB for both buses is to gen
erate slots (a logically separate station can be added 
if required to perform other functions like generating 
segments or requests). 

Define the set of stations between erasers i-I and i 
as section i, i = 2, ... ,M. Accordingly, the set of 
stations between HOB A and eraser 1 is defined as 
section 1, and the stations between eraser M and EOB 
A as section M + 1. 

Let tij denote the average number of segments trans
mitted per time-slot from section i to section j, (j ~ i). 
Define 

M+l 

r1: ~ L hi, for k = 1,2, ... ,M + 1; (1) 
i=1: 

so r1: represents the number of requests generated per 
time-slot in section k. Let Eff be the number of slots 
erased by eraser k per time-slot, and since eraser k 
erases slots which contain segments destined for section 
k we have 

1: 

Ef = Lti1:' for k = 1,2, ... ,M. (2) 
;=1 

We consider the class of protocols where for each slot on 
bus A erased by a certain eraser node, the latter erases 
a request arriving on bus B. Let Rt and RP represent 
the number of request bits per time-slot arriving at 
and departing from eraser k respectively, and let Rt, 
R~ and R~+l be the number of requests per time-slot 
arriving at EOB B (or HOB A), departing from HOB 
A, and departing from HOB B, respectively. 

By our assumption that HOB B is not active we always 
have 

(3) 
By definition 

Rt = R~+l + rHl for k = 0,1,2, ... ,M, (4) 

and the number of requests erased by eraser k, denoted 
Ef, is given by 

E: = min [Rt, Ef], for k = 1,2, ... ,M. (5) 

By definition, the number of requests departing from 
eraser k is given by 

R~ = Rt - E: for k = 1,2, ... ,M, (6) 

and by (5), 

Rf = Rt - min [Rt, E%J 
= Rt + max [-Rt, -Et] 
= max [0, Rt - E%J, 

for k= 1,2, ... ,M. (7) 

By (4), the latter can be re-written as 

R~ = max [0, R~+l + rHl - Ef], 
for k = 1,2, ... ,M. (8) 

Let T1: be the total traffic in section k, already defined 
as the total number of segments passing by, entering or 
generated in section k within a time-slot. By definition 

1: M+l 

T1: = L L tij, for k = 1,2, ... ,M + 1. (9) 
i=1 j=1: 

Thus, 

M+l 1: 

THl - T1: = L tHl,j - L ti,1:, 
j=1:+1 ;=1 
for k= 1,2, ... ,M, (10) 

and therefore, by (1), (2), (8) and (10) we have 

R~ = max [0, RP+l + THl - T1:], 
for k= 1,2, ... ,M. (11) 

Notice that when the number of slots erased by an 
eraser is greater than or equal to the number of requests 
arriving, then no requests will be departing from that 
eraser. Let J be the number of erasers from which no 
requests are departing. That is, J is given by 

M+l 

J = L ~(k) (12) 
1:=1 

where 
~ (k) = {I if RP = 0 

a otherwise 

Note that by (3), we always have J ~ 1. Also, let 
d(n), n = 1,2, ... ,J, be the nth eraser from which no 

requests are departing, and we define d(O) ~ O. Then 
we recursively have 

d(n) = min {k: R~ = a}, 
d(n-l)+l9~M+l 

for n = 1,2, ... , J -1 (13) 

and 
d(J) = M + 1. (14) 

The set of erasers from which no requests are depart
ing has an interesting property that their preceding 
sections represent local maxima with respect to the to
tal traffic in the section. Furthermore, we show that 
the total traffic in each of these preceding sections is 
greater than or equal to that of all other subsequent 
local maxima. Hence, the first of these maxima repre
sents the overall maximum total traffic for the sub net
work, which is shown to be equal to the total requests 
arriving at the HOB representing the total capacity 
required by the subnetwork. These properties are for
mally stated in the following proposition. 

Proposition 1 

Using the above definitions we obtain the following: 

Td(n) = d(n-l)~~~M+l {T1:}, (15) 



in particular, 

(16) 

and 
(17) 

Proof: see Appendix A. 

Notice that by equation (17), the value of Td(l) is equal 
to the capacity required by a DQDB sub network with 
M eraser nodes. This capacity, denoted by CM, is de
termined by the busiest section. That is 

{

le M+1 } 
CM = max E E tii . 

1~Ie~M+l i=1 i=1e 
(18) 

Note that this result may be obtained from (9) and 
(16). 

On the other hand, if these M eraser nodes are removed 
then the capacity required by the subnetwork is given 
by 

M+IM+l 

Co = E E tii· (19) 
i=1 i=i 

Hence, the percentage gain, GM, obtained by employ
ing these M eraser nodes is given by 

GM = (~: -1) x 100. (20) 

Let us now consider a simple example which will give 
us an idea about the gain obtained using eraser nodes. 
Again, consider a sub network involving M eraser nodes 
and M + 1 sections as above, and in addition we as
sume that tii = t V i,j, j ~ i. Such a uniform traffic 
distribution represents an unfavourable situation com
pared with the likely situation of the number of local 
traffic regions separated by erasers. By equations (18), 
(19) and some algebra we obtain for this example the 
following: 

Co = N(M + l)(M + 2)/2 (21) 

and 

GM = { 
for M even 

(22) 
N(M + l)(M + 3)/4 for M odd, 

which lead to 

GM = { {1 - 2/(M + 2)} x 100 

{1 - 2/(M + 3)} x 100 

for M even 
(23) 

for M odd. 

By substituting M = 0 in the latter we obtain, as ex
pected, GM = 0 (0 is considered even). On the other 
hand, GM approaches 100% as M approaches infinity. 
Clearly, GM is monotonically non-decreasing with M, 
whereby, for this example, a gain of 75% is obtained for 
M = 5, and a gain of 90% for M = 17 which implies 
that a substantial capacity gain can be obtained using 
eraser nodes. 
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3 Performance Criteria 

In this section we propose a measure of performance 
for any eraser node scheme for DQDB. The focus here 
is on provision of a quantitative performance standard 
for normal traffic. The issue of fairness under sustained 
overload traffic conditions in a DQDB subnetwork with 
eraser nodes is discussed in [2]. 

In some proposed eraser schemes (e.g., [1] or [6]), the 
fair sharing of the capacity released by an eraser re
quires cancellation of requests on the reverse bus. (A 
closely related approach is the transmission of negative 
requests on the reverse bus as in [4] .) The efficiency of 
the request cancellation will determine the achievable 
throughputs and the delay performance attained in the 
different parts of the DQDB sub network with erasers. 

We again consider a DQDB subnetwork with M erasers 
numbered 1 to M dividing the DQDB subnetwork into 
M + 1 sections numbered 1 to M + 1. For simplicity 
and without loss of generality, as in Section 2, we again 
assume here that all stations transmit segments on bus 
A and requests on bus B. Each section may contain a 
finite number (maybe 0) of non-eraser stations. Here 
we consider the case of active erasers; thus each sta
tion excluding EOB may transmit, and each station 
excluding HOB may receive. Since it is preferred that 
an eraser should be able to erase slots destined for it
self, eraser k is a receiver in section k. Similarly, if an 
eraser is permitted to transmit, then it should be able 
to transmit in a slot which it erases and thus eraser k 
may be a transmitter in section k + 1. We define the 
priority p traffic from section i to section j, denoted 
tii (p), as the average number of priority p segments 
transmitted per time slot from stations in section i to 
stations in section j. Note that tii defined in Section 2 
is the sum of the tii (p) over all priorities. 

Since our aim is to re-use slots after reception, the 
same slot on the bus may carry traffic between sev
eral pairs of sections, (e.g. segments corresponding to 
h ,4(1), t6,6(3) and t7,s(2) may use the same slot), and 
the total throughput may exceed 1. The limiting factor 
is now the total traffic in a section. We define the total 
priority p traffic in section i to be 

i M+1 

1i(p) gEE tile(P) (24) 
i=1 Ie=i 

and the total traffic in section i defined in Section 2 is 
given by 

8 

1i = E1i(p) (25) 
p=o 

Then an ideal eraser protocol should be able to support 
any offered traffic pattern which results in 1i < 1, Vi, 
without causing global instability in the nodes' queues. 
When Ti is very close to 1, for some i, it may be that 
this goal is not achievable without incurring excessive 
delays or even instability in some nodes in section i and 
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hence a more achievable condition may be 1i < Tg , 

where Tg may be less than 1 (Tg = 0.9 for example) 
representing a specified upper bound traffic through a 
section. 

To balance the goal of achieving high throughput, there 
is a desire to keep queueing delays on DQDB sub net
works with erasers within the statistical range which 
would be experienced on ordinary DQDB subnetworks. 
Hence we propose a further measure of performance to 
apply to all sections of the subnetwork. 

For a section i with total traffic 1i < Tg , the statis
tical queueing delay performance as measured by the 
cumulative distribution of delays should approach that 
which would occur on a reference DQDB subnetwork 
without erasers when carrying only the total traffic in 
section i in the eraser subnetwork. We obtain the ref
erence DQDB subnetwork without erasers by removing 
from the eraser sub network all erasers and all traffic 
which is not included in the total traffic in section i. 
We contend, at least for single priority subnetworks, 
that this reference sub network provides a lower bound 
on any percentile of the delay for the traffic through 
section i in the eraser subnetwork. This may be ex
plained as follows. If we consider only the traffic which 
passes through section i, then the subnetwork with
out erasers must have identical behaviour to the s~b
network with erasers as there are no slots to erase at 
erasers up to number i and no requests to cancel at 
eraser i + 1. The addition of the remaining traffic to 
the subnetwork with erasers will increase the queueing 
delay of traffic originated in section i by introducing 
extra requests on bus B (the reverse bus), and extra 
used slots on bus A (the forward bus) in sections be
fore i. 

It is expected the comparisons will be made at the 
higher end of the delay distribution, such as the 99th 
percentile. Although the delay performance for every 
station may not match that of its equivalent in the 
corresponding reference subnetwork in the presence of 
traffic on other sections of the eraser subnetwork, com
parisons for reasonable values of Tg (e.g. 0.5,0.8,0.9) 
over all sections of the sub network will highlight any 
unfairness or excessive delays. 

In a multi-priority environment it is important that 
lower priorities should not interfere with higher prior
ities. The comparison of the delay distribution with 
that of the reference sub network should be made for 
each priority. While adequate performance should be 
attained at all priorities, greater emphasis should be 
placed on the performance at the higher priorities. 

We have used these performance criteria to test our 
proposed protocol for eraser node implementation [6]. 
It was demonstrated by simulation that a DQDB sub
network with 10 nodes, of which 3 are erasers imple
menting our proposed protocol, with a total through
put of 2.556 has similar delay performance to corre
sponding reference DQDB subnetworks each with a 
throughput of 0.8. 

4 Design and Dimensioning 

In this section we present a simple method to decide 
how many eraser nodes are required and where to set 
them in a given subnetwork. Consider 8 stations num
bered 1,2,3, ... ,8, where station 1 is the closest to HOB 
A (or EOB B) and station 8 closest to EOB A (or HOB 
B). As in Section 2, we assume without loss of gener
ality that HOB A and HOB B are not transmitting. 
Because we deal in this section with the problem of 
positioning erasers, and because the optimal location 
of an eraser depends on traffic on both buses, we can 
no longer assume that all stations transmit on one bus. 
Accordingly, let tj and tZ denote the estimation of the 
average number of segments per time-slot transmitted 
from station i to station j on bus A and bus B re
spectively. Clearly, tj and tZ may be non-zero only 
for j > i and for i > j respectively. We also allow 
here, as in Section 3, for erasers to be active. That is, 
an eraser may generate and receive segments and may 
re-use for transmission slots erased by itself including 
slots destined for itself. 

We shall use here the term minimal set as a set which 
contains the minimal number of elements among a de
fined collection of sets. We also use the notation 1 X 1 

for the number of elements in the set X. Thus a set 
Xi for any j, j = 1,2,3, ... ,k, is a minimal set among 
a collection of sets {XbX2'XS' ... ,Xk } if 1 Xi I~I 
Xi I, for all i, i = 1,2,3, ... ,k. For a collection of sets 
we also define a minimal class of sets as the class which 
contains all the minimal sets. 

An eraser set is a set of stations with erasing capabili
ties (a subset of the set {1,2,3, ... 8}). For each given 
sub network capacity z, let O(z) denote the class of 
eraser sets containing the minimum number of erasers 
required to guarantee the transmission of the offered 
traffic. 

We now present a simple algorithm, which provides, 
for each given sub network capacity z, a minimal set of 
erasers, denoted r(z), that is, r(z) E O(z). In princi
ple, a minimal set of erasers is obtained by construct
ing sections as large as possible. We start by including 
HOB A in the first section and then constructing this 
section simply by incrementing it as long as its total 
traffic either on bus A or on bus B does not exceed z. 
Then, we move on in a similar way to construct the 
second section and so on until all other sections are 
constructed. A formal description of this algorithm is 
presented as follows. 



Initialization: We start with an empty set r(z), namely 
set r(z) = <p. Also, let m = 1. 

Step 1: Find a station e, such that 

e = maxk 
subject to : 
m-I S 1:-1 S 

E E tj + E E tj ~ z, 
i=1 ;=m+l i=m ;=i+l 

S 1:-1 1: i-I 

E E t~ + E E t~ ~ Z. 

i=1:+1 ;=1 i=m+l ;=1 

Step 2: If e = S stop. Otherwise, add e to the set 
r{z), let m = e and go to Step 1. 

The eraser set r(z) obtained by this algorithm provides 
guaranteed transmission on both buses for a given sub
network capacity z. Although the set r(z) belongs to 
the minimal class with relation to a given capacity z, 
it still may not provide the optimal setting of eraser 
nodes, since the distribution of load on the different 
sections may not be even. Accordingly, we define an 
optimal eraser set, with relation to a given capacity z, 
denoted r* (z) as follows. 

(26) 

where 

subject to: r(y) E O(z). 

Recall that r(y) is the eraser set obtained by Algo
rithm 1 with relation to capacity y, and note that the 
constraint r(y) E O(z) is equivalent to 
1 r{y) 1=1 r{z) I· 

Since 1 r(y) 1 is a non-decreasing step function of y, 
the latter optimization problem can be solved simply 
by bisection. 

In practice, because of possible error in traffic predic
tion, and due to traffic burstiness, we should allow 
for some dimensioning factor. In other words, if 0 
is the total subnetwork capacity, let et, (0 ~ et ~ 1) 

denote the dimensioning factor; so that 0 0 ~ et X 0 is 
the subnetwork capacity according to which the eraser 
nodes are to be designed. Then r*(0 0 ) is computed by 
the procedure above to provide the optimal setting of 
eraser nodes. 
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5 Conclusions 

A detailed mathematical analysis of an idealistic model 
of a DQDB subnetwork involving eraser nodes has been 
presented which provides insight into the traffic be
haviour, and the potential increase in capacity obtained 
by using eraser nodes. 

Two performance criteria for a DQDB sub networks 
with eraser nodes were proposed: 

1. The total throughput in the busiest section could 
be around 0.9 segments/time-slot without caus
ing instability. 

2. The packet delay distribution in a station of a 
certain section should approach that which would 
occur on a reference DQDB subnetwork without 
erasers when carrying only the total traffic in that 
section in the eraser subnetwork. 

Based on results of the analysis, an efficient method for 
design and dimensioning of a DQDB sub network with 
eraser nodes has been described. 

Appendix A 

Proof of Proposition 1 

For all nand k, such that 
k = d(n - 1) + 1, d(n - 1) + 2, ... , d(n) - 1, 
we have by definition of d(·) that Ri' > b. Therefore, 
by (11), 

Ri' - Ri'+! = T1:+1 - T1: 

for k = d(n -1) + l,d{n -1) + 2, ... ,d(n) -1, (27) 

which leads to 

Ri' = Td(n) - T1:, 

for k = d(n - 1) + 1, d(n - 1) + 2, ... , d(n) - 1. (28) 

Thus, since this quantity is positive, 

Td(n) = d(n-l~~~d(n) {Tk }. (29) 

A special case of (28) is: 

RP = Td(l) - Tt. (30) 

By (4), R~ is given by 

(31) 

Also, by equations (1) and (9) we have 

(32) 
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As a result, equations (30) (31) and (32) simply lead 
to (17). 

By (28) we have 

and by (11), 

R~n-l)+1 = Td(n) - T d(n-l)+1 > 0, 

for n = 1,2,3, ... , J, (33) 

R~n-l) = max[O, R~n-l)+1 + T d(n-l)+1 - Td(n-l)], 

for k = 1,2, ... ,Mj n = 1,2,3 ... , J. (34) 

Since by definition R~n-l) = 0, equations (33) and (34) 
lead to 

Td(n) ~ Td(n-l), for n = 1,2,3 ... , J. (35) 

and equation (15) follows directly from the latter and 
(29) which completes the proof. 
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