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ABSTRACT
Asynchronous Transfer Mode (ATM) is a data communication technique which allows data transmission without
the use of an external clock signal, where data can be transmitted intermittently rather than in a steady stream.
Explicit Rate Indication for Congestion Avoidance (ERICA) is a rate-based congestion control algorithm used in
ATM networks which estimates the fair-share of bandwidth at which sources should transmit in order to avoid
congestion. In this research, the basic ERICA algorithm was analyzed and an enhanced ERICA algorithm that is
capable of arriving at a stable fair-share within short measurement intervals for ATM networks was developed. The
enhanced ERICA algorithm was simulated using Visual BASIC programming language and the results of its
evaluation showed that the enhanced ERICA algorithm performed better than the basic ERICA by arriving at a
stable fair-share within a shorter switch measurement interval of 30miliseconds, which indicates the ability of the
developed algorithm to overcome the shortcoming of requiring longer measurement intervals for estimating efficient
bandwidth fair-share of the basic ERICA algorithm.
Keywords: Asynchronous Transfer Mode networks, Congestion, Explicit Rate Indication for Congestion Avoidance,

Fair-share, Algorithm.
_________________________________________________
African Journal of Computing & ICT Reference Format:
O. A. Oduwole, S. O. Olabiyisi, E. O. Omidiora and
C. O. Adeagbo (2019), Development of an Enhanced ERICA
Algorithm for Congestion Control in ATM Networks,
Afr. J. Comp. & ICT, Vol.12, No. 4, pp. 59 - 74.
© Afr. J. Comp. & ICT, December 2019; ISSN 2006-1781

59

Vol. 12, No. 4, December 2019, pp. 59 -74

ISSN 2006-1781
O. A. Oduwole, S. O. Olabiyisi, E. O. Omidiora and C. O. Adeagbo (2019), Development of an Enhanced ERICA Algorithm for
Congestion Control in ATM Networks
© 2019 Afr. J. Comp. & ICT – All Rights Reserved
https://afrjcict.net

machines. Virtualized congestion control which was
implemented in Linux Kernel and in VMware’s ESXi
hypervisor was proposed to allow the introduction of a
new congestion control algorithm in the hypervisors
which internally translate between the new congestion
control algorithm and the existing legacy congestion
control, permitting legacy applications to enjoy the
benefits of the new algorithm [5].

I. INTRODUCTION

Asynchronous Transfer Mode (ATM) is a data
communication technique which allows data transmission
without the use of an external clock signal, where data
can be transmitted intermittently rather than in a steady
stream. It was designed as solution for Broadband
Integrated Services Digital Network (BISDN). It was
originally conceived as the switching technology for the
telephone industry to handle multimedia data (voice,
video and computer data), but now, workstation networks
have enthusiastically embraced ATM. The ATM network
transfers digital information in consecutive cells of
constant length. ATM networks are organized like
traditional Wide Area Networks’ with lines and switches
(or routers). The ATM networks have speeds of 155Mbps
and 622 Mbps [1, 2].

In rate-based solutions, the network nodes
indicate to the sources the rate at which they should
transmit using explicit rate (ER) bit in Resource
Management (RM) cells to avoid traffic congestion and
hence reduce their cell loss rates. ATM switches must
constantly measure the demand and available capacity,
and then divide the capacity fairly among the contending
connections [6]. Explicit Rate Indication for Congestion
Avoidance (ERICA) is one of the algorithms that were
developed based on rate-based criteria.

The ATM network offers five categories of
service which are Constant Bit Rate (CBR), real-time
Variable Bit Rate (rt-VBR), non real-time Variable Bit
Rate (nrt-VBR), Available Bit Rate (ABR) and
Unspecified Bit Rate (UBR). The ABR and UBR
services are specifically designed for data traffic. The
ABR service provides better service for data traffic than
UBR by frequently indicating to the sources the rate at
which they should transmit. The ABR service category is
designed to fairly allocate the bandwidth unused by
higher priority services such as CBR, real- time VBR and
non-real time VBR in data traffic applications such as file
transfer, e-mail, and so on which are not real time. Thus
it enables the ABR sources to effectively utilize the
available bandwidth of the connection [3].

One of the priorities of ERICA is to allocate
rates to contending sources in a fair manner. Fairness in
this context means to give each contending source a
maximum possible equal share of the bandwidth. ERICA
ensures fairness with the introduction of a term called
“Fair-share” which guarantees a “minimum fairness” to
contending sources. Intuitively, Fair-share is the
minimum share of the available bandwidth which every
active source deserves. It is estimated as the ratio of
target ABR capacity to the number of active sources
within the connection. ERICA allows any source sending
at a rate below the Fair-share to rise to Fair-share at every
feedback opportunity. If every source converged to Fairshare, the system is fair by giving all active sources equal
opportunity, and at the same time at a steady state
operating point [7]. ERICA computes the fair bandwidth
share for each active connection based on the number of
active connections within the switch measurement
interval [8]. However, one of the problems with the basic
ERICA algorithm is that longer switch measurement
intervals are required to arrive at efficient bandwidth fairshare estimate [7].

Congestion control takes place in the ATM
layer. Congestion occurs when too many packets are
present in (or a part of) the subnet and causes
degradation in network performance. In this context,
congestion is interpreted in the sense that only a possible
overload of cell traffic is observed, such that, if it would
persist at its current level, then it would ultimately result
in substantial cell loss due to buffer overflow. Several
congestion control algorithms have been developed
which include; congestion prevention policies, traffic
shaping, choke packet, credit-based and rate-based
solutions [4].

In this paper, an enhancement to the basic
ERICA algorithm that was implemented using Visual
BASIC programming language, which makes possible
the estimation of an efficient bandwidth fair-share in a
manner that is independent of the length of switch
measurement interval, is proposed. In order to achieve
this, this study is divided into five sections. Following
this introduction, Section 2 examines existing literatures

In order to easily deploy new and improved
congestion control algorithms into multitenant
datacenters, without having to worry about transmission
control protocol friendliness with non-participating virtual
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on ERICA scheme, Section 3 presents the formulation of
the enhanced ERICA algorithm, Section 4 presents the
implementation, Section 5 presents discusses the results
of evaluation and Section 6 deals with conclusion and
recommendation.

The RM cells are sent by sources after every 31
data cells. The RM cells contain the source’s current cell
rate (CCR) and minimum cell rate (MCR). The RM cells
also have several fields that can be used by the switches to
provide feedback to the sources. These fields are: Explicit
Rate (ER), Congestion Indication (CI) flag, No Increase
(NI) flag. The ER field indicates the rate that the network
can support at the particular instant in time. When starting
at the source, the ER field is set to Peak Cell Rate (PCR).
Also, CI and NI flags are cleared. On the path, each
switch reduces the ER field to the maximum rate it can
support. In certain cases, it can also set the CI and NI
flags. The sources monitor the returning RM cells and
adjust their transmission rates as instructed by the ER, CI,
and NI fields. The RM cells flowing from the source to
the destination are called Forward RM cells (FRMs) while
those returning from the destination to the source are
called backward RM cells (BRMs).

II. LITERATURE REVIEW
2.1 ABR Control Mechanism
ATM networks offer five classes of service:
Constant bit rate (CBR), real-time variable bit rate (rtVBR), non-real time variable bit rate (nrt-VBR), available
bit rate (ABR), and unspecified bit rate (UBR). Of these,
ABR and UBR are designed for data traffic, which have a
bursty unpredictable behaviour [9].
The CBR class is intended to emulate a copper
wire or optical fiber (only at much greater expense).
Bits are put on one end and they come out of the other
end; no error checking flow control, or other processing
is done. It supports the transfer of information between
the source and destination at a constant bit rate. CBR
was ATM adaptation layer (AAL) 1 (A typical example
is the transfer of voice at 64kbps over ATM). Another
usage is for the transfer of fixed rate video. This type of
service over an ATM network is sometimes called
circuit emulations (similar to a voice circuit on a
telephone network) [10].

If a switch or destination becomes extremely congested, it
may not want to wait for the next RM cell. They are
allowed to generate a limited number of RM cells and
send them immediately towards the source. Such RM
cells are called “Out-of rate (OOR)” RM cells. The source
generated RM cells are “in rate” RM cells because the
bandwidth used by them is counted in the rate allocated to
the source. Thus, if a source is allocated 32 cells per
second, it can send 31 data cells and one RM cell per
second (assuming NRM of 32). The out-of rate and in-rate
RM cells are distinguished by a BN (Backward
Notification) Flag in the RM cells. When a source
receives a BRM, it computes its allowed cell rate (ACR)
using current ACR, CI, NI, BN flags, and the ER field of
the RM cell [9].

The VBR service is divided into two
subclasses, real time and non-real time, respectively.
RT-VBR is intended for services that have variable bit
rates combined with stringent real-time requirements
such as interactive compressed video (for example,
videoconferencing).

2.2 The ERICA Algorithm
The ERICA algorithm is concerned with the fair
and efficient allocation of the available bandwidth to all
contending sources [7]. It requires monitoring the
available capacity and the current demand on the
resources being a dynamic resource algorithm. The key
resource in this case is the available bandwidth at a
queuing point (input or output port). In most switches,
output buffering is used, which means that most of the
queuing happens at the output ports. Thus, ERICA
algorithm is applied to each output port (or link) [9, 11].

The nrt- VBR subclass is for traffic where
timely delivery is important but a certain amount of
jitter can be tolerated by the application. This service
subclass is applicable to multimedia e-rnail [1]. AAL 2
is proposed for VBR services with a timing relation
between source and destination.
The ABR service provides better service for data
traffic by periodically advising sources about the rate at
which they should be transmitting. The switches monitor
their load and compute the available bandwidth and
divide it fairly among active flows. The feedback from the
switches to the sources is sent Resource Management.
(RM) cells which are sent periodically by the sources and
turned around by the destinations as shown in figure 1.

2.3 Estimation of Bandwidth Fair-share by the Basic
ERICA Algorithm
The ATM switch periodically monitors the load
on each link and determines a load Factor, z, the
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available capacity for the ABR service (ABR capacity)
and the number of currently active virtual connections or
VCs (N). The load factor is calculated as the ratio of the
measured input rate at the port to the target capacity of
the output link:

inefficient operation. A combination of these two
quantities is used to rapidly reach optimal operation as
follows:

(4)
(1)

Sources are allowed to send at a rate of at least Fair Share
within the first roundtrip. This ensures minimum fairness
between sources. If the VC Share value is greater than the
Fair Share value, the source is allowed to send at VC
Share so that the link is not underutilized. This step also
allows an unconstrained source to proceed towards its
maximum rate. The previous step is one of the key
innovations of the ERICA scheme because it improves
fairness at every step, even under overload conditions.
The calculated ER value cannot be greater than the ABR
Capacity which has been
measured earlier.
Hence;

“z” has no unit since both ABR Input rate
and ABR capacity are measured in Mbps.
The Input Rate is measured over an interval called the
switch averaging interval. The above steps are executed at
the end of the switch averaging interval. The load factor,
z, is an indicator of the congestion level of the link. High
overload values are undesirable because they indicate
excessive congestion so are low overload values which
indicate link underutilization. The optimal operating point
is at an overload value equal to one. The goal of the
switch is to maintain the network at unit overload [11].

(5)

The fair share of each Virtual Circuit (VC), is also
computed as follows:

To ensure that the bottleneck ER reaches the
source, each switch computes the minimum of the ER it
has calculated as above and the ER value in the RM cell.
This value is inserted in the ER-field of the RM cell

(2)
(6)
The switch allows each source sending at a rate
below the Fair Share to rise to Fair Share every time it
sends a feedback to the source. If the source does not use
its entire Fair Share, then the switch fairly allocates the
remaining capacity to the sources that need it. For this
purpose the switch calculates the quantity:
VC
Share
=

However, ERICA measures the required
quantities over conservative intervals and uses the
measured quantities in each interval to calculate the
feedback in the next interval. The length of the
measurement interval determines how quickly the
feedback can be given to the sources because ERICA
gives the same feedback value for each of the sources
during each measurement interval. Longer intervals
produce better averages, but slow down the rate of
feedback [7, 9].

(3)
If all VCs changed their rates to their VC Share
values then in the next cycle the switch would experience
unit overload z equals one. Hence VC Share aims at
bringing the system to an efficient operating point which
may not necessarily be fair and Fair Share allocation aims
at ensuring fairness possibly leading to overload

2.4 Related Works
Some useful works that were carried out on ratebased congestion control and improvement of the
efficiency of ERICA algorithm in ATM switches are
reviewed as follows:
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III. THE ENHANCED ERICA ALGORITHM
[7] Revealed that one of the issues with congestion
avoidance schemes such as ERICA is that low rate
sources may have long inter-Resource Management (RM)
cell times necessitating long switch measurement
intervals which will not be fair to low rate sources and
eventual cell loss due to inefficiency in bandwidth fairshare estimation.

The basic ERICA algorithm determines the number of
active connections by considering a source as active if at
least one cell is sent from the source during the
measurement interval. However, the developed enhanced
ERICA algorithm was formulated by substituting a
parameter (operational number of active virtual
connections) for number of active connections in
estimating bandwidth fair-share in ATM networks. Thus,
operational number of active connections is derived
mathematically as follows:

[12] Addressed the problem of determining congestion
control strategies to support multiple classes of traffic in
ATM based networks by proposing an architectural model
that enables open and flexible network control and high
utilization of network resource using explicit rate-based
scheme. The algorithm proves to efficiently handle bursty
traffic, allows low delay even at 100% utilization and
provides stability in the presence of high frequency VBR
background traffic.

Suppose fair-share is estimated within a short
measurement interval, sources that are sending at low
rates and are unable to send data within the interval are
not considered in the sharing of the available bandwidth.
Therefore, equation (2) is expressed as:

[9] Proposed an enhancement to ERICA scheme by
varying the target bandwidth utilization dynamically as
opposed to the original ERICA scheme where target
bandwidth utilization is fixed. Thus, ABR target capacity
can be set to 100% of link utilization during steady state,
while it is lower during transient overloads. This
approach adequately addressed the problem of
underutilization of bandwidth when lower target
utilization is set during steady states but did not address
the dependence of bandwidth fair-share estimate on the
length of switch measurement interval.

Fair-share

=

(7)
Where Rui = Rate of the underloading source (1  i  Nu)
N = Total number of VCs
Nu = Number of underloading VCs
Let N0 be the number of overloading VCs.

[13] Proposed a new ERICA+ Switch Algorithm for
enhancing Quality of Service of multimedia (integrated
data and video) traffics over ATM by using separate
queues for each traffic types to isolate them from
overlapping. Hence, reduction in the delay especially for
video traffic is achieved, but did not address the problem
of dependence of bandwidth fair-share on switch
measurement interval.

Overloading sources are sources that are able to send at
least one cell within the measurement interval and are
counted as being active.
Underloading sources are low rate sources that are unable
to send at least one cell within the measurement interval.
Putting No = N - Nu in (3.1), then

The review of related works carried out revealed that
some attempts have been successfully made at addressing
some challenges facing broadband congestion control and
the basic ERICA algorithm while the issue of requiring
longer switch measurement interval to arrive at efficient
bandwidth fair-share remains the research gap being
bridged in this work.

Fairshare

=

(8)
(Subtracting number of underloading VCs from the total
number of VCs gives number of overloading VCs).
By making ABR capacity the subject of formula we have:
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(9)

(14)

(9) can be written as:
0

* fairshare +

Thus, each of the VCs that are operating at or
above Fair-share is counted as one and each of those that
are operating below Fair-share contributes a fraction.
Hence, the VCs assume value 1 if and only if the ABR
input rate is equal to or greater than Fair-share, while
ABR input rate less than Fair-share produces fractional
result for the operative level.

*
(10)

Therefore, factorization of the R.H.S. with respect to Fairshare gives:

Thus, from (13):
]

(11)

Operational number of active connections = i
Operative level of VCis
(15)

From (11)
0+

The operational number of active connections
introduced allows fractional contribution from sources
sending at low rates. Thus, the enhanced ERICA
algorithm considers all virtual connections irrespective of
their sending rates in arriving at the operational number of
active VCs which is not obtainable in the basic ERICA
algorithm.

(12)
Give the number of
active VCs obtained by taking underloading sources into
consideration being referred to as operational number of
active VCs (Noperational) in the proposed algorithm.

Since

from
(12)
that
equals the number of
active VCs obtained by taking underloading sources into
consideration. Thus, “number of active sources” in the
basic ERICA is replaced with “operative number of active
connections” in (2) to have:

(13)

it

follows

This implies that the operational number of
active virtual connections is equal to the number of
overloading sources plus the fractional operative levels of
the underloading sources.
(16)

For each of the VCs, the operative level is the
ratio of the respective input rates to the fair-share which
has a minimum value of 1 for overloading VCs and a
value greater than 0 but less than 1.for underloading VCs.
This implies that the operative level of a VC can either be
greater or equal to 1for overloading VCs, and a fraction
between 0 and 1 for underloading VCs.

IV. IMPLEMENTATION OF THE ENHANCED
ERICA ALGORITHM
The enhanced ERICA algorithm was implemented using
a simulation program. The simulation program was
developed using Visual BASIC programming language
which has good numerical ability and good graphical
display for adequate illustration and visible analysis. The
program was designed to accept sending rates from five
sources of a five-source network configuration to which
the algorithm was applied as shown in Fig. 2. One of the
sources is set to send at a low rate of 10Mbps while each
of the other four are randomly assigned rates between 20

Since the operative level of an overloading VC is
taken as 1 even if it has a greater value. Thus in general,
the operative level of a Virtual Connection (VC) can be
expressed mathematically as:
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and 80 Mbps such that the addition of the five must be
equal to 150Mbps which is the target capacity of the
simulated network configuration. The following
assumptions were also made for purpose of
experimentation.

enhanced ERICA algorithms starting with an assumed
fair-share of 25Mbps respectively. Figure 6 shows that
the enhanced ERICA algorithm arrived at a stable fairshare of 34.96Mbps within an interval of 30msec, while
the basic ERICA scheme arrived at a stable fair-share of
30Mbps in a longer interval of 60 msec in the first
experiment as shown in Figure 5.

(i)
All Virtual Circuits (VCs) are bi-directional.
(ii)
All sources are deterministic, that is, their
start/stop times and their transmission rates
are
known.

For the second experiment, Figures 7 and 8 are the graphs
of estimated fair-share values and the corresponding
measurement intervals of arriving at the values for the
basic and the developed enhanced ERICA algorithms
starting with an assumed fair-share of 40Mbps
respectively. Figure 8 shows that the enhanced ERICA
algorithm arrived at a stable fair-share of 34.89Mbps
within an interval of 30msec while the basic ERICA
algorithm arrived at a stable fair-share of 35Mbps in a
longer interval of 60msec. The results of the two
experiments show that the proposed enhanced ERICA
algorithm arrived at optimum fair-shares within a shorter
measurement interval than the basic ERICA algorithm.
This is a promising result, as longer measurement
intervals will not be needed to arrive at efficient fairshare for contending sources.

Two sets of experiments were performed by assigning
sending rates 10Mbps, 30Mbps, 35Mbps, 35Mbps and
40Mbps to sources A, B, C, D and E respectively in the
first experiment, and 10Mbps, 30Mbps, 35Mbps, 35Mbps
and 40 Mbps to sources A, B, C, D and E respectively in
the second. In both cases, Source A is assigned a fixed
rate of 10 Mbps to ensure that at least one of the sources
transmits at a low rate. The simulation program also
requires an assumed fair-share value to be supplied with
which the operative level of each of the sources is
estimated. The target capacity is then divided by the sum
of all the operative levels (operational number of active
sources) to arrive at a new fair-share for the next cycle of
transmission. This process is repeated at the end of
subsequent measurement intervals.

Below is a sample of the Visual BASIC language code for
the simulation of the five- source configuration.

For these experiments, when the assumed fair-share
chosen is less or equal to the lowest sending rate of the
other four sources apart from A, it is presumed to be a
“low fair-share” while on the other hand, it is presumed to
be a “high fair-share” if a rate equal or greater than the
highest of the other four sources is chosen. In the first
experiment, a “low fair-share” of 25Mbps was assumed
which is less than the rate assigned to any of Sources B,
C, D and E. Also, a “high fair-share” of 40Mbps which is
the highest rate assigned to Sources B, C, D and E in the
second experiment. The implementation environments are
as shown in Figures 3 and 4.

Private rDim, arrData(1, 10)
Dim SPLoop%, rR, Xcant, Ycant, Zcant
Dim OLv1, OLv2, OLv3, SumOLv, t
Private flagG, ShLT, AFairS
Private Sub Command11()
Picture1.Refresh
Picture10.Refresh
Picture11.Refresh
Text2.Locked = False
Text3.Locked = False
ToggleButton1.Enabled = False
Shape1.Left = 1035
Shape2.Left = 3300: Shape2.Top = 855
Shape3.Left = 3300: Shape3.Top = 2625
'Image8.Picture = LoadResPicture(110, vbResIcon)
'Image2.Picture = LoadResPicture(101, vbResIcon)
'Image3.Picture
=
LoadResPicture(101,
vbResIcon)
'Image4.Picture
=
LoadResPicture(101,
vbResIcon)
Text1.SelStart = 0
Text2.SelStart = 0

V RESULTS AND DISCUSSION
The behaviour of the basic and the developed enhanced
ERICA algorithms as regards the estimation of bandwidth
fair-share for active connections within the simulated
network configuration are as shown in Figures 5, 6, 7 and
8.
Figures 5 and 6 are the graphs of estimated fair-share
values and the corresponding measurement intervals of
arriving at the values for the basic and the developed
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Text3.SelStart = 0
Text1.SelLength = Len(Text1.Text)
Text2.SelLength = Len(Text2.Text)
Text3.SelLength = Len(Text3.Text)
Text4.SelLength = 0
Text5.SelLength = 0
Text6.SelLength = 0
abel4.ForeColor = vbBlack: Label5.ForeColor = vbBlack:
Label6.ForeColor = vbBlack
Shape2.Visible = True
V.

developed based on the substitution of operational number
of active connections for the number of active sources.
The algorithm was then evaluated and from the results it
is concluded that the developed algorithm arrives at
optimum fair-share within short measurement intervals
which ensures fast response from the switches and
fairness to all contending sources especially those sending
at low rates.
It is recommended that further studies be carried to
investigate the impact of the application of the enhanced
algorithm to the enhancement of ERICA proposed by
Sreenivasulu et. al. [9] where improved bandwidth
utilization was achieved by dynamically varying the target
capacity.

CONCLUSION AND RECOMMENDATION

In this work, an enhanced ERICA algorithm for
estimating bandwidth fair-share in ATM switches was

IEEE/ACM Transactions on Networking, vol. 8, Issue 1,
pp. 87-98, 2000.
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Fig. 2: A five-source network configuration
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Figure 3: Assumed Fair-share Input Prompt

Figure 4: Source input rate assignment prompt
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Figure 5: Simulation Graph of Basic ERICA with Assumed Fair-share = 25Mbps
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Figure 6: Simulation Graph of Enhanced ERICA with Assumed Fair-share = 25Mbps
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Figure 7: Simulation Graph of Basic ERICA with Assumed Fair-share = 40Mbps
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Figure 8: Simulation Graph of Enhanced ERICA with Assumed Fair-share = 40Mbps
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