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ABSTRACT 

We propose the congestion control for inter
connected local area networks (LANs), named ESP 
(Emigrant Suppressing with P-persistent CSMA/CD) 
scheme. It is shown through the simulation that 
this scheme can relieve the performance degrada
tion of the congested LAN by controlling the 
internet-traffic which enter into it, and that it 
can prevent the congestion of a LAN by limiting 
the internet-traffic which may cause the conges
tion of that LAN. Moreover, the method for 
realizing the dynamic control with this scheme is 
shown, and it is verified through the numerical 
examples that this works well. 

1. INTRODUCTION 

Various types of interconnected LAN can be 
considered: tandem (Fig.1(a», hierarchical 
(Fig.1(b» .. Each n~twork is connefi'f21hrough a 
gateway havlng varlOUS functions ,e.g., 
protocol conversion, address filtering, routing, 
etc. 

In a single LAN, the channel access schemes 
themselves have the functions to avoid the conges
tion by staggering the instance of transmission 
from each terminal (e.g., the backoff algorithm in 
CSMA/CD and the token handling method in token 
passing). Therefore internal network congestion 
can be relieved to a certain extent. In an inter
connected system, however, if a LAN is overloaded 
it becomes to be more congested due to traffi~ 
from other LANs. Further, since the buffer of the 
gateway connected with that LAN becomes full, the 
terminals in the other LANs cannot send the 
messages to the desired terminals in the congested 
LAN. Thus, they must retransmit these messaqes 
repeatedly, which causes increase of load in th~se 
LANs. This congestion propagates to other LANs 
(so-called "backpressure effect"), resulting in 
the system deadlock. Therefore, a control mechan
ism is required in order to prevent and to relieve 
the congestion.. [3] 

Bux and Grlllo study the flow control in 
interconnected LANs with token ring access method. 
They use the window scheme to accomplish flow 
control. We deal with the congestion control in 
the irE,rconnection of bus type LANs, e.g., Ether
net . In this paper, we propose the ESP 
(Emigrant Suppressing with P-persistent CSMA/CD) 
scheme to control the internet-traffic flow for 
the purpose of avoiding congestion of a LAN, or to 
prevent the congestion of the LAN into which a 
great deal of internet-traffic enter . . This S"heme 
uses the property of p-persistent CSMA/CD [ J in 
~hich the channel throughput is controlled b1 

4.1A-3-1 

changing the value of p. 

2 . ESP' SCHEME 

2.1 Interconnected LAN 

For simplicity, all terminals are classified 
into two groups throughout the paper; the one is 
that the traffic from it is transmitted to the 
terminals connected with the same LAN, and the 
other is that it is transmitted to the other LAN. 
They are called the inner and outer terminal, 
respectively. The traffic generated from each 
terminal is called inner and outer traffic, re
spectively. The model of interconnected LANs used 
in this paper is shown in Fig.2. The detail 
description of the model is as follows. 

(1) 

(2) 

(3) 

u:·) 

(5) 

(6) 

Both inner and outer 
with LAN_1, and only 
connected with LAN 2. 
through the gateway is 
--> LAN 2). 

terminals are connected 
the inner terminals are 

That is, traffic flow 
unidirectional (LAN_1 

Each terminal and the gateway transmit their 
packets according to p-persistent CSMA/CD. 
The value of p is fixed at 1 at all inner 
terminals and the gateway. 
The number of inner terminals in LAN 1 and 
LAN_2 is denoted by M. 1 and M. 2 ~espec
tively, and the number1gf outer Egrminals is 
denoted by M l' Inner terminals in LAN 1 
and LAij_2, °M~Q outer terminals in LAN-1 
generate the packet according to a POisson 
process with a mean of q. 1 q. and q 
respectively. If we def~n~ th~n~fferedoY5~d 
as the ratio between the sum of traffic 
generated by all terminals and the channel 
capacity, the offered load of inner of LAN 1 
and LAN_2 and outer traffic becomes -

Ain1=Min1qin1Tin1' 

Ain2=Min2qin2Tin2' 

Aout1=Mout1qout1Tout1' 

(2.1) 

(2.2) 

(2.3) 

where T. l' T. 2 and T are respective one 
packet f¥ansmt~s·ion tig~~l 
All terminals possess one packet buffer. The 
number of packets which can be stored in the 
gateway is fixed to a certain amount. 
The rescheduling delay of a collided packet 
is exponentially distributed with a mean of r 
(i.e., exponential backoff). 
The gateway does not accept any more packets 
if the number of packets in its exceeds the 
capacity of buffer, the gateway transmits the 
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jam signal and forces to destroy the 
incomming packet. 

(7) If the gateway succeedes the one pac~et 

transmission, it continues its transmission 
until the gateway buffer becomes empty 
(exhaustive service). 

In this section, we show that the performance of 
each LANdegrades if there are no controls. The 
system parameters are shown in Table.l. The value 
of p in the outer terminals is fixed at 1. Fig.3 
shows the throughput of inner traffic of LAN 2 as 
a function of A. 2' where A 1 is taken as a 
parameter. The l~nrouhput o~uinner traffic of 
LAN 2 is less affected by the outer traffic of 
LAN-l within the usage where Ain2 is less than 
0.4~ The throughput, however, becomes sma~ler 
compared with the one of AoutJ=O, if it becomes 
larger than 0.4. The througnput becomes to be 
less than 0.2 when A. 2=1.0 even if there is no 
incomming traffic. tR this case, although the 
congestion control may be considered to be 
useless, through applying some congestion control 
scheme, it becomes possible to make the time of 
congestion shorter than that without control. 

Next we show how the performance of LAU 2 
degrades as the outer traffic increases. The load 
of inner traffic in LAN_2 is fixed at 0.7. Figs.4 
and 5 show the throughput and average ?acket delay 
vs. A tl. The average packet delay is defined as 
the ~~me duration from the generation of packet 
until its arrival at the destination terminal. 
Thus, the packet delay of outer traffic is sum of 
the time duration from the generation until when 
the packet is transmitted successfully 
(transmis~ion success of outer traffic means that 
it does not collide with the other packets and 
does not meet the buffer overflow of the gatewa y) 
and the time duration from its arrival a t the 
gatewa y until the gateway succeeds the 
transmission of packet. The increase of A 
results in the drastic degradation of o~~~ 
performance of inner traffic in LAN 2, and the 
throughput of outer traffic in LAN-l does not 
increase so much. The throuhgput of inner traffic 
i n LAN 2 increases when A 1 becomes more than 
0.5. This is because th2U~ntering flow of outer 
traffic in LAN_2 becomes small for the frequent 
collisions in LAN_1. Moreover, the throuhgput of 
inner traffic in LAN 1 becomes small. This is not 
only because AO t1-itself increas~s, but also 
because the loaM by the retransmltted traffic 
increases for the buffer overflow in the gateway. 
Thus, if no congestion control scheme is applied, 
LAN 2 which has been operated without congestion 
would be in congestion state because of increase 
of load caused by the frequent retransmission of 
outer traffic. This "back-pressure effect" of 
congestion may result in the system deadlock. 
Thus, any control mechanism is required in o~der 
to prevent and to eliminate the network 
congestion. 

2.2 ESP scheme 

The ESP scheme is based on the property of p
persistent CSMA/CD protocol in which the 
throughput can be controlled by changing the value 
of p. That is, the outer terminals are able to 
control their traffic to be transmitted to another 
LAN by choosing the appropriate value of p 
according to the degree of congestion. The ESP 
scheme can prevent or eliminate the network 
congestion, because the inner traffic in the 

congested LAN can be transmitted with hicher 
priority over the entering outer traffic, or 
because it prevents a great deal of outer traffic 
which will cause the congestion from entering a 
LAN. 

3. PERFORMANCE EVALUATION OF ESP SCHEME 

We study the availability of the ESP scheme 
through the numerical results obtained by 
simulation. The system parameters are the same as 
those in Table.1. Figs.6 and 7 show the load
throughput and the load-delay curves for different 
values of p when Aout1=0.3 and Ai 1=0.3. In Fig.6, 
the curves of A =0 correspon2es to the case 
that there is n8

u
flow entering into LAN 2 from 

other LAN, and the curves of p=1 correspondes to 
the case of no control. The characteristics of 
throughput of the inner traffic in LAN 2 are 
improved by making the value of p smaller,- while 
the parameter of outer traffic of LAN 1 becomes 
worse. There is the trade-off relatio~ between 
the throughput of inner traffic in LAN 2 and that 
of outer one in LAN_1. Thus, the performance 
criteria which resolves this problem of trade-off 
must be considered. We will discuss the 
performance criteria in the later chapter. From 
these figures, it can be seen that the ESP scheme 
can improve the performance of inner traffic in 
LAN_2, compared with the no control (p=l) (e.g., 
if we set p=O.OOl, the throughput of inner traffic 
is assured to be 85% of the one in the case where 
1 t1=0, at A. 2=1.0). 

ou Figs.8 afi2 9 show the load-throughput and the 
load-delay curves when Ai 2=0.9 and A. 1=0.3, 
where the load of outer ~raffic of LAN 1 is 
changed. It can be also seen that the cont~ol of 
1 utI by changing the value of p avoids the 
tHroughput degradation of inner traffic in LAN 2 
and improves the performance of inner traffic in 
LAN 1. 

4. DYNAMIC CONGESTION CONTROL 

4.1 Dynamic control 

In this control, the gateway is assumed to 
have the function of monitoring traffic condition 
of LAN_2. The gateway determines the value of p 
in accordance with that condition, and informs the 
value of p to all terminals in other LANs. If 
an improper value of p is chosen, the outer 
traffic may not be transmitted at all. Hence, we 
define the performance criteria that maximizes the 
throughput of the outer traffic with keeping the 
one of inner traffic to some desired value. The 
value of p is chosen so as to satisfy the 
performance criteria. The dynamic 
congestion control with ESP scheme is summarized 
as follows (we use the network model of Fig.2 for 
explanation). 

EveryT (msec.), the 
(1) es~imates the 

(AoutC(t» and 
(lin2 t», 

gateway 
load 
inner 

of outer 
traffic of 

traffic 
LAN 2 

(2) determines the value of p in accordance with 
the outer and inner traffic estimated in (1) 
to satisfy the performance criteria, and 

\3) informs that value to the outer terminals in 
LAN 1, if '--p(t)-p(t-T )1>«, where cc is the 
arbitrary positive con~tant. 

4.1A-3-2 
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The method of how to estimate the 
discussed in Sec.4.3. 

4.2 The performance criteria 

load is 

Here we consider the general network model 
shown in Fig.IO. Two kinds of traffic we assumed 
to be transmitted in LAN Aj the one is that 
generated from the terminals in LAN A (intranet
traffic) and the other is that enters into LAN A 
through the gateway (internet-traffic). The load 
of each traffic in LAN A is A. and A' t' 
respectively. The load- of inE~rnet-tra~¥lc 
generated by the all terminals outside LAN A is 
A t (A' t~A t)' Denote the throughp~t of 
iR~ranet-~¥aff~g by S. (A. ,A' t)' We define,the 
following performancelgrit~ri~Y 

max~mizes Aout 
subject to 
SeA. ,A' t» b(A. ,A )S(A . ,0), ln ou - ln out ln 

where b is the function of 
Aout' and O~b~I. 

bO.th 

(4.1.1) 

A. and ln 

If b is constant, the intranet-traffic in LAN A is 
assured to get (IOO·b)% throughput of the one 
which is achieved in case A' =0, regardless with 
A

out
' If we set out 

(4.1.2) 

where T is an arbitrary positive constant. A 
can be taken into consideration in tg~~ 
performance criteria. That is, A becomes 
larger, we can suppress the achievabl~Ufhroughput 
of intranet-traffic in accordance with the 
magnitude of Aout ' 

4.3 The estimation of load 

We return the network model of Fig.2. As 
stated in Sec.4.I, the gateway must estimate the 
load of inner traffic (A. 2) and outer traffic 
(A tI)' At first we a~scuss the method of 
es~~mation of A. 2(t). The following two 
measurable data arelllsed for this purpose. 

i) The load of gateway traffic at time t: 
A' outI(t) 

ii) The average waiting time of packet in the 
gateway buffer: W p 

The waiting time of packet is defined as the time 
lapse from its arrival until its transmission 
success. The gateway gathers these data during a 
given time interval (we refer it a sampling time 
and denote by Ts) and takes the average value of 
them. 

If A~utI is fixed and the buffer size is not 
so small, lt can be expected that there exists a 
one-to-one correspondence between A. 2 and W. 
The relation between A. 2 and W inlnthe steaHy 
state is shown in Fig.II~n The sYstem parameters 
used in this chapter are the same as those in 
Sec.2.I. From this figure, it can be prospected 
that A. 2 is estimated by W. Since W is also 
depende~~ on At t' A ' n2 £s estimate8 by the 
combination of ~y t anaW. In order to make a 
real-time estimat~gn in th~ dynamic control, it is 
necessary to have the table in which the relation 
among A' t' Wand A. 2 is specified in advance in ou p ln 
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the gateway. (The table can be obtained by 
simulation or analysis.) In case of the small 
sized buffer, W becomes to be saturated, when 
A. 2 is higher. ~n this case, the buffer overflow 
r~~e must be also used in the estimation of A. 2' 

The following four information are nece§gary 
for the gateway in order to estimate A l' the 
gateway must obtain the followiRM

t 
four 

information: (I)A . I(t), (2)A. 2(t), (3)the 
current value of p, l~nd (4)A' • l~fie gateway can 
monitor (3) and (4), and estigMte (2) by using the 
method mentioned above. As for (1), it can be 
estimated easily because it is almost equal to the 
throughput if 1) is small. Since the throughput 
is the rate of successful transmission of packet, 
it can be measured by counting the number of 
packets in which both source and destination 
address are LAN 1. 

We call the time interval that the gateway 
refreshes the value of p as an adjustment time 
(T), (Ts2T). That is, every T (msec.), the 
gafeway calgulates the average va~ue of Wand 
X~ t from the data collected during theP time 
in~erval T (msec.) ahead. Fig.I2 illustrates the 
relation b~tween T and T. We call this (T ,T )-
control in ESP. s P s P 

4.4 NUMERICAL EXAMPLES AND DISCUSSION 

In the reminder of this section, we set b=0.8 
in the performance criteria. All results are 
obtained by simulation, and the system parameters 
are same as those in Sec.2.I. Fig.I3 shows the 
load-throughput curves, where the value of p is 
taken as a parameter. S. (A . 2,0) and 
0.8·S. (A . 2,0) are also shown iH fRls figure. 
Table:2 §Rows the rela.tion between A. 2 and p 
satisfying the performance criteria. tRough the 
congestion control is not needed at A. 2 which is 
less than 0.55, the value of p mustlBe decreased 
as A. 2 increases, e.g., p=0.005 in A. =0.65, 
p=0.OO~5 in A. 2=0.7. The gateway estiffi~€es the 
load, determiHes the value of p by reference to 
this table, and informs this p to the outer 
ter mi nals in LAN 1. 

We evaluate the performance of dynamic 
control with ESP scheme. Executing the 
simulat~on, AioI and .Aoutl.are assumed to be 
known, l.e., only A. 2 lS esElmated, and the delay 
incurred by the tra~gmission of p is ignored. 

In the simulation model hereafter, A. is 
increased from 0.3 to 0.7 at time 2000 (mes~~j and 
is returned to an original value at time 4000 
(msec.). Fig.I4 shows (a) the value of p, (b) the 
throughput of inner traffic of LAN_2, and (c) the 
throughput of outer traffic of LAN 1 in (500,100)
control in ESP. The curves of no control are also 
shown. Though the throughput of inner traffic of 
LAN_2 degrades temporarily in ESP scheme when the 
LAN_2 is congested, it increases by decreasing the 
value of p and reaches the value for satisfying 
the performance criteria 
(0.8·Sin(Ain2,A;ut)=0.5I). .Without control, the 
performance of lnner trafflc of LAN 2 degrades 
extremely. -

We study the effect of sampling time to the 
results of control (the adjustment time is fixed 
at 100 msec.). Fig.lS shows the comparison 
between T =lOO(msec.) and 500(msec.). The curve 
of T =IoB shows more real time response to the s 
change of A. 2 than that of T =500, but it varies 
widely. W~n show the avera~e and variance of 
estimated A. 2 in Table.3 in order to examine the 
relation b~~ween the sampling time and the 
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estimated Ai 2. In this caiculation, we set 
A. 2=0.7, ~ =500(msec.) and T =100, 300, 
50B\IDsec.). Rs the sampling time i~ made larger, 
the variance of the estimated A. becomes 
smaller. Though the control with l.e~e smaller 
sampling time reacts rapidly to the traffic 
change, it may result in the incorrect estimation. 
On the other hand, though the Jeaction of the 
control with the longer sampling time is slow, it 
estimates correctly. As a conclusion, if the load 
changes drastically, the shorter sampling time is 
better for the real time . control, on the other 
hand, if the variation of the load is not so 
widely, the longer sampling time is better for the 
accurate control. 

5. CONCLUSION 

We proposed ~he dynamic congestion control, 
named ESP scheme, in the interconnected LANs. We 
applied this scheme to the LANs which use p
persistent CSMA/CD as the channel access protocol. 
This scheme controls the internet-traffic entering 
the congested LAN by adjusting the value of p in 
p-persistent CSMA/CD in accordance with the degree 
of congestion. Since most of the functions oJ the 
scheme are implemented on ' the gateway, the 
terminal only changes the value of p according to 
the command from the 'gateway. Through the various 
numerical examples, it was shown that ,the ESP can 
relieve and avoid the congestion, and prevent the 
"backpressure" effect of congestion. 

The research of interconnection of LAN with 
long-haul networks has been progressed. In 
general, the speed of the long-haul network is 
much slower than that of LAN (the latter is 
several thousands faster than the former). This 
mismatchi ng of speed may ,result in the buffer 
overflow in the gateway connecting the LAN with 
the long-haul network, even if the long-haul 
network is not so congested. The ESP scheme can 
also applied to this case by the following 
procedure: The gateway monitors both the traffic 
condition and the state of buffer, chooses the 
appropriate value of p, and informs this to the 
terminals in the LAN. In this case, however, the 
performance criteria defined in the paper may not 
be applied, because the buffer overflow occurs in 
the gateway even if the long-haul network is not 
so congested. Thus, a new performance criteria 
must be considered. 
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(a) Tandem connection model 

(b) Hierachical connection model 

Fig.1 Various types of interconnected LANs 

LAN_l inner terminals 
"..---- .... 

~ traffic flow 

buffer 

terminals 
LAN_2 inner terminals 

Fig.,2 Interconnected LAN model 

parameter LAN 1 LAN 2 

max. propagation 
(usec.) 

delay 5 5 

channel capacity 
, (Mbps) 

10 10 

jam length 0 0 retrans. ratio 0.1 0.1 bus length 1 1 (km) 
number o'f term. 12(inner),12(outer) 24 

buffer size (gateway) 30 

Table.1 System parameters in interconnected LANs 
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sampling time average variance 
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100 0.696 0.00507 
200 0.702 0.00323 
300 0.705 0.00199 

Table.3 The sampling time vs. average and 
variance of estimated load 

Po 0.1 

0.01 

0.001 
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