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4.3 §aN59a09dT M5 Chain configuration with low ICR

4.3.1 JuuulasananazMMAUAA N 9

» ]
JUnUY TAT N 6tHAUI1910 chain configuration lavUSutasidauSuduvaumasiuiia
[ L] = é . . . u’: q' 1
A Hianiou Aedszanal 25 Mbps uaz indsduila B il point-to-point connection YuSuaade

.:i o o A I s ' o
afl 200 msec MatlRonaroUNanBUMIBITING lUaNIz THasd JUuv ATzl

=h. &2

4.31

@ dA, [ Battsineck @

tink

Swi swz SW3 Swi @

Source B : start at
Source A 200 msecs -

|4—50 km—+——500 km—+——5000 km——+—5000 km—b|

zﬂﬁ 4.31 Chain configuration with low ICR

] ¥
Adusan q AldlugluuuTnseied 1aud

Source A : PCR = 149.76 Mbps , ICR = 25 Mbps, MCR= ( Mbps, RIF= 1, RDF =

0.0125 uag Nrm =32

Source B : PCR = 149.76 Mbps , ICR = 149,76 Mbps, MCR= 0 Mbps, RIF=1, RDF

— 00125, Nrm = 32 uoz undsfuilasudsdoyad 200 msecs
SW1 : Maximum queue length = 30,000
SW2 : Maximum queue length = 30,000
SW3 : Maximum queue length = 30,000
SW4 : Maximum queue length = 30,000
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4.4 HON1349108381131 Jiang configuration
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Source A
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zﬂﬁ 4.46 Jiang configuration

Mdulsang ﬁ“l%"lugﬂuuu'im«hm{ Run
Source A : PCR = 5 Mbps , ICR = 149,76 Mbps, MCR= 0 Mbps, RIF= 1 , RDF =
0.0125 1A Nrm = 32
SWO0 : Maximum queue length = 1,000
SW1 : Maximum queue length = 1,000
SW2 : Maximum queue length = 1,000
SW3 : Maximum queue length = 1,000
SW4 : Maximum queue length = 1,000
SW5 : Maximum queue length = 1,000
SW6 : Maximum queue length = 1,000
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5.2.6 Change to non responsive branch
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Performance Classification of Consolidation
Algorithms for Point-to-Multipoint ABR
Service in ATM Networks

Lunchakorn Wattisittikulkij, Supakiat Lachamatanee, and Prasit Prapinmonkolkarn

Abstract-- The main objective of designing a consolidation
algorithm in point-to-multipoint available bit rate (ABR)
service in ATM networks is finding how to consolidate BRM
cells to avoid feedback implosion problem while providing
fastest response to control traffic in the network. In this paper,
we first describe the remaining unsolved problems in the
existing consolidation algorithms and propose a new algorithm
to solve these problems. The performance of all previously
known consolidation aigorithms has been investigated and
classified in terms of consolidation noise, transient response,
implementation complexity, ratio of FRM cells to BRM cells,
the change to a non-responsive branch and change to a newly
joined branch. Simulation results show that the proposed
algorithm provides good and desirable performance compared
to the existing algorithms.

Index Terms—ATM, ABR, consolidation algorithm

I. INTRODUCTION

The point-to-multipoint ABR (Available Bit Rate) service
in ATM networks is currently considered important for
supporting many emerging applications, such as data
broadcasting via subscribed members. Considerable
attention to this class of service is now eminent [1-9]. In
point-to-point ABR service [10], a source sends a forward
resource management (FRM) cell along with data cells and
it is turned around into a backward resource management
{BRM) cell by a destination. Along the way back to the
source, each switch adjusts the explicit rate (ER) in the
BRM cell to the rate that the network is able to support.

The point-to-multipoint ABR service differs from the point-
to-point ABR service in that there exists a number of
feedback information from all the branch points sent back
to the source through BRM cells. This causes a serious
problem of how to handle such a large amount of feedback
information. A common technique to overcome this
problem is that each branch point in the multicast tree
consolidates the information in BRM cells received from
downstream branch points or destinations and forwards the
selected one to its upstream switch, This significantly

I.. Wuttisittikulkij and P. Prapinmonkolkarn are with the Department of
Electrical Engineering, Chulalongkorn University, Bangkok, Thailand (e-
mail: lunch@ee.eng.chula.ac.th).

$. Laohamatanee was with the Department of Electrical Engineering,
Chulalongkorn University, Bangkok, Thailand. He is now with Bangkok
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reduces the amount of feedback information in the system,
The main challenge this problem poses is how to
consclidate BRM cells in such a way that the transient
response of each traffic source can be fast and
simultaneously avoiding undesired consolidation noise
[4,5]. So far, a number of consolidation algorithms have
been proposed [1-9].

Early consclidation algorithms intend to provide fast
transient response¢ but they suffer from a-consolidation
noise problem. In contrast, later consolidation algorithms
aim to maintain correct feedback information stored at the
switches and attempt to improve the transient response
especially in overload conditions. However these
algorithms still have a slow transient response in underload
conditions leading to congestion and low link utilization.
Very recently, Supakiet and et.al. [9] have proposed a new
feedback information storing method that can provide fast
transient response while completely eliminating
consolidation noise. However, this algorithm requires
additional variables for the switches, and hence increases
the complexity of the switch implementation. In this paper,
we describe a new consolidation algorithm alternative that
can eliminate consolidation noise, has a fast transient
response for both overload and underload conditions and
yet has low complexity in the switches. The details of this
algorithm will be explained in section 4. Moreover, the
performance of most previous consolidation algorithms has
been classified and summarized in terms of consolidation
noise, transient response, implementation complexity, ratio
of FRM cells to BRM cells, the change to the non-
responsive branch and to the newly joined branch.

II. DESIGN ISSUE

In this section, we explain several key issues to the design
of a consolidation algorithm at each branch point.

1. Fast transient response is important for maximum
channel utilization and prevention of congestion.

2. Consolidation noise should be eliminated to avoid
unfairness and congestion in the network by
maintaining correct and up-to-date feedback
information stored at each branch point.



3. Each switch branch point should not generate new
BRM cells because that would add more complexity to
the switch.

4. The number of variables used in each switch for
consolidation purposes should be kept to a minimum to
reduce the switch complexity.

5. The ratio of FRM cells generated by the source to
BRM cells returned to the source should be maintained
close to 1 as certain types of sources are sensitive to
this ratio.

6. Consolidation algorithms should be able to continue
working properly and effectively even if there is a non-
responsive branch. Some consolidation algorithms have
to wait for the BRM cell to return from all branches, so
that the branch point is kept waiting indefinitely for the
BRM cell from a non-responsive branch. During this
time, if any traffic condition is changed in the network,
this branch point can not send the BRM cell to the
source to adjust the ACR value to the rate the network
is able to support. A timeout mechanism is introduced
to solve this problem. Based on this mechanism, each
branch point waits for the BRM cell until the timeout
value expires, and sends an extra BRM cell to the
upstream node to convey feedback information to the
source,

7. When there is a new branch joining an existing branch
point, the existing branch point should send a BRM cell
1o its upstream node without waiting for the BRM cells
to return from the new branch in order to maintain a
good response.

IIl. RELATED WORK

Robert [1] first proposed a consolidation algorithm, which
has the objective of achieving the fastest transient response.
The basic idea of this algorithm is that each branch point
consolidates the feedback information on a per-VC basis
and passes it on to its upstream node through a BRM cell
after the branch point has received a FRM cell. With this
technique, consolidated feedback information may not
reflect the actual congestion level of all the branches,
because the feedback from some branches may have not yet
arrived at the time when the BRM cell is sent. This could
cause undesired consolidation noise. To reduce such
consolidation noise, Tzeng and Siu [2] improved this
algorithm by ensuring that the feedback to the upstream
node is sent only when at least one BRM cell has been
received from a downstream branch before receiving an
FRM cell. This algorithm is able to reduce the level of
consolidation noise. Ren [3] argued that generating a BRM
cell causes switches to higher complexity and he also
proposed two altemative algorithms. In his first algorithm,
the first BRM cell received is passed to the source after a
FRM cell has been received. Note that all the three
algorithms described so far cause consolidation noise. For
his second algorithm, Ren presented the algorithm that can
eliminate the consolidation noise entirely. The algorithm is
referred to as a “wait-for-all” algorithm. In this algorithm,

each branch point waits for the BRM cells, arrival from all
the branches before a BRM cell is sent to the source.
Although the problem of consolidation noise is completely
removed, the waiting time for all feedback information may
be long, causing a very slow transient response,

Recently, an improved algorithm to the “wait-for-all”
algorithm has been found [4-8]. These papers introduced a
fast overload indication function to the “wait-for-all”
algorithm to enhance the transient response under severe
network overload conditions. In an immediate rate
calculation algorithm [4,5], whenever the switch receives a
BRM cell with ER much lower than the previous ER, it
generates an extra BRM immediately back to its upstream
branch. A probabilistic aggregate algorithm [6] suggests an
alternative way to improve the overload transient response
by random feedback of BRM cells if there is an overload
condition found in the network. Another algorithm referred
to as a timeout algorithm [7] merges the immediate rate
calculation algorithm and the probabilistic aggregate
algorithm into a new overload detection technique. In this
technique, the branch peint sends extra BRM cells if the ER
value from a received BRM cell is much lower than the
previous ER and randomly sends extra BRM cells if the ER
value from the received BRM cell is slightly lower than the
pervious ome. In addition, this algorithm intreduced a
timeout mechanism to manage non-responsive branches in
the network. Although these algorithms could improve the
transient response in the overload condition, it occasionally
generates more BRM celis than the number of FRM cells it
has received. In addition, these algorithms are unable to
respond to the underload condition when the source node
should be entitled to increase its rate.

Kim [8] proposed a scalable algorithm to solve the problem
of consolidation noise and delay. The main idea in this
algorithm is that each branch point stores the feedback
information on a per-branch basis for each VC and passes
BRM cells returning from the most remote destination only.

Supakiat [9] proposed another way to eliminate
consolidation noise by maintaining a good feedback
information stering method. In Supakiat’s algorithm, the
branch point maintains the feedback information on a per-
branch basis for each VC to eliminate consolidation noise.
This approach enhances the transient response in the system
by immediately sending the BRM cell after receiving a
FRM cell. However, it adds more complexity in increasing
the number of variables in the switches.

For convenience, in the following paragraphs, Robert’s
algorithm will be referred to as “Al1”, Tzeng’s algorithm
will be “A2”. Ren's first and second algorithms will be
denoted as “A3™ and “A4”, respectively. The immediate
rate calculation algorithm will be referred to as “A5”, the
probabilistic aggregate algorithm will be known as “A6”,
the timeout algorithm will be called “A7”, the scalable
algorithm will be denoted as “A8” and finally, the
Supakiet’s algorithm will be known as “A9”.



IV. THE NEw CONSOLIDATION ALGORITHM

The new algorithm has been developed based on the A3
algorithm because this algorithm provides good
performance on all counts except for the consolidation
noise. To solve the consolidation noise problem of this
algorithm, we must understand how consolidation noise
actually happens. For the A3 algorithm, each branch point
sends BRM back to the source whenever it receives a first
BRM cell after having received an FRM cell and resets its
stored feedback information to its peak cell rate (PCR). If
the source increases its rate and generates more FRM cells,
the number of the FRM cells received at the branch point is
increasing. In this situation, each branch point sends BRM
cell more frequently and consolidation noise will occur if
the branch points do not receive the BRM cells from the
congested branch before sending the next BRM cell.
Therefore, the branch points will use PCR as feedback
information given in the BRM cell sent to the source, thus
leading to rate oscillation and congestion in the network.

The new consolidation algorithm solves the consolidation
noise problem in algorithm A3 by not reseiting the stored
feedback information at the branch point after it sending the
BRM cell but using feedback information from a recently
received BRM cell as newly stored feedback information.
This can prevent consolidation noise in the next BRM cell
cycle. A new variable known as TER has been introduced
to memorize the ER value of the BRM cell before being
updated by the congestion control algorithm. This value
will be assign as new feedback information after branch
point feedback of the BRM cell. The pseudo code of this
algorithm can be shown as follows:

Upon the receipt of a forward RM{ER, CINI) cell :
Muilticast this RM cell to all participating branches;
Let AileastOneFRM = |,
Upon the receipt of a backward RM(ER,CI Nf) Cell
Let MER = min (MER , ER} , MC! = MCI or Ci, MNI = MNI or NI
If AtleastOneFRM then
Ler TER = ER;
Let ER = MER, CI= MCI, Nf = MNI
Let ER = min (ER , ER caiculated
By congestion control scheme for all branch)
Send this RM cell back to the source;
Let MER =TER, K MCI=10, MNI =0;
Let AtLeastOneFRM =0
else
Discard the BRM Cell

V. PERFORMANCE ANALYSIS

A.  Parameter Setting

In the simulation, the following parameter values were
used.
¢  All links have a bandwidth of 150 Mbps.

»  All sources have PCR = 150 Mbps, RIF = |, RDF =
0.125, Nrm = 32, ICR for source A = 25 Mbps and ICR
for source B and C = 150 Mbps

s All point-to-multipoint traffic flows from the root to
the leaves of the tree. No traffic flows from the leaves
to the root, except for the RM cells. The same applies
for the point-to-point connection.

s The sources are persistent, i.e. there is always data to
send.

e All switches are assumed to employ an ERICA+ [11]
congestion contro! algorithm with the switch
measurement interval set to a minimum between the
time to receive 100 cells and 1 ms. Exponential queue
control function was used in our simulation with TO set
t0 0.0015 ms,a=1.15,b=1, QDLF = 0.5.

B. Simulation results

Ay
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e T

Figure 1: A test network model

We compared the consolidation noise and transient
response in both overload and underload conditions with
various consolidation algorithms including the new
algorithm. The network configuration is shown in Figure 1.
This network model is a specific configuration with very
large round trip time and different transient sources. SW1 to
SW4 denote four ATM switches, Source A is a point-to-
multipoint connection with three receivers dAl to dA3. The
configuration has one ABR unicast connection from source
B to dB. It activates after between 200 and 400 ms. A
second point-to-multipoint connection sends data from
source C to two receivers dC1 and dC2. It activates after
400 ms. Figure 2 to 10 show the ACR changes of source A,
B and C for different consolidation algorithms. The network
is in underload condition during the start phase and in
overload condition when source € is active.

Figures 2 to 11 show the simulation results for the
consolidation algorithms. As shown in Figure 2, algorithm
Al exhibits heavy consolidation noise due to incomplete
feedback information stored at the branch point. However,
it maintains a very fast transient response by immediately
sending the BRM cell after receiving the FRM cell
Algorithms A2 and A3 provide a fast transient response,
since they guickly send the BRM cell after receiving the
first BRM cell. However, they still have a consolidation
noise problem leading to rate oscillations, instability,
unbounded queues and unfaimess. In contrast, algorithm A4
can eliminate consolidation noise, but suffers from a slow



transient response especially when there are no BRM cells
in the network because source A has to wait for the BRM
cell to return from the most remote branch, the destination
dA3. In the initial state, network is in the underload
condition because of the low ICR value of source A. This
algorithm can not inecrease the ACR value at source A to
fairshare until afier 100 ms leading to low link utilization in
the start phase. Moreover, when source C is active at 400
ms with a high ICR value, the network is in the overload
condition. This algorithm can not decrease the ACR value
at source C to avoid congestion of the network until after
470 ms leading to cell loss at switches.
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Figure 4: Results for algorithm A3
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Figure 5: Results for algorithm A4
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The result of algorithm A5 in Figure 6 is similar to that of
algorithm A4. This algorithm can not respond to the
underload condition and in this particular configuration it
also fails to detect the overload condition even if equipped
with the overload detection technique. Algorithm AS
detects the overload condition by comparing the current ER
value with the previous one provided by the last BRM cell
sent. If the ER value is lower than the last ER'multiplied by
the threshold level then the network is set to overload
condition. The switch immediately sends an extra BRM cefl
to adjust the rate of the source. When source C is active, the
network is in overload condition and the ERICA+ algorithm
slightly decreases the rate of source A by using the queue
control function. However, this decrease is below the
threshold value and not fasts enough to detect the overload
condition, hence, the overload detection technique fails to
detect the overload condition in this case. Therefore, the
switch does not send an extra BRM cell to source C until it
receives BRM cells from all branches.

The results of algorithm A6 are identical to those of
algorithm AS, since it detects the overload condition by
determining the decrease in ER value in the BRM celis.
However, this technique only uses information from
downstream switches without any immediate rate
calculation technique, which can calculate the ER value of
this switch before detecting the overload condition.
Therefore, algorithm A6 fails to detect the overload
condition leading to a slow transient response in both
overload and underioad conditions, The results of algorithm
A8 in Figure 9 are similar to those of algorithm A4 as the
branch point must wait for the BRM cell to return from the
most remote destination. Like aigorithm A#, algorithm A7
uses the overload detection technique without immediate
rate calculation technique and it produces a very slow
transient response in both overload and underload
conditions.



The algorithm A9 vyields optimal performance in this
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| / A. Consolidation noise
Algorithms A1, A2 and A3 exhibit unacceptable
U w % o em consolidation noise in some cases due fo incomplete
Time ( macs ) feedback information stored at the branch point. Algorithms
Figure 9: Results for algorithm AR A4, A5, A6 and A7 can completely eliminate consolidation

noise, since they wait for the BRM cells to return from all



branches. Algorithm A8 waits for the BRM cell from the
most remote branch, this ensures that the branch point
receives the BRM cells from all other branches before
receiving that from the most remote one. Thus no
consolidation noise is found in this algorithm. Algorithm
A9 maintains good feedback information storing method,
thus avoiding consolidation noise. The proposed algorithm
protects the network from consolidation noise by not
resetting the feedback information after sending the BRM
cell.

B. Transient Response

Algorithms Al and A9 exhibit the fastest transient response
in both overload and underload conditions, since the
feedback information is returned immediately after the
branch point has received an FRM cell. Algorithms A2, A3
and proposed algorithm also have a very fast transient
response because they can produce feedback to the BRM
cell after the branch point has received the first BRM cell.
Algorithm A4 has a very slow transient response especially
when there are few or no BRM cells in the network, as for
example during the initial state. The feedback delay of this
algorithm depends on the round trip time to the most remote
destination. However, when there are enough BRM cells in
the network, this algorithm provides a reasonable transient
response.

Algorithms A5, A6 and A7 improve the transient response
in the overload condition by using various overload
detection techniques. However, they still have a rather slow
transient response in the underload condition. Moreover,
these algorithms fail to detect the overload condition in
some situations. As in algorithm A4, the algorithm A8 waits
for the BRM cell to return from the most remote branch.
Therefore, the transient response of this algorithm can be
slow in certain situations, especially when there are very
few or no BRM cells in the network.

C. Implementation complexity

Most previous studies have shows that turning around the
RM cells causes a switch to high complexity. This causes
algorithms Al, A2 and A9 to have a high complexity in
turning arcund the RM cell. Algorithm A9 has the highest
complexity with additional per-VC and per-branch
variables to maintain the stored feedback information.
Algorithm A3 introduces the simplest way to consolidate
the feedback information at the branch point, since it does
not tum around the RM cell, and it keeps the per-VC
information minimal.

The algorithm A4 is more complex because it adds some
variables to the switch to maintain the “wait-for-all”
condition. Algorithm AS adds complexity to algorithm A4
by introducing the overload detection technique, RM ratio
control technique and immediate rate calculation technique,
Algorithm A6 has a lower complexity than algorithm AS
but a higher one than algerithm A4, since they use the
overload detection technique without both the RM ratio

control technique and the immediate rate calculation
technique. Algorithm A7 merges algorithm A5 and
algorithm A6 into a new algorithm with a timeout
mechanism. This increases the implementation complexity
in the switch.

Algorithm A8 adds complexity to algorithm A4 in
increasing of per-VC and per branch variabies. The
proposed algorithm has slightly more complexity than A3
with additional temporary variables to memorize the
information of the BRM cell before updating the feedback
information.

D. Change to the newly joined

The ratio between the number of FRM cells generated by
the source and the number of BRM cells received by the
source should be approximately less than or equal to 1.
Algorithm Al and algorithm A9 generate a BRM cell for
every FRM cell the branch point receives, therefore, the
ratio of BRM cells to FRM cells is equal to 1. Algorithm
A2 waits until the branch point receives at least one BRM
cell before it generates and sends a BRM cell. Then the
ratio of BRM cells to FRM cells is below one because the
first FRM cell received will never be turned. For algorithm
A3 and the proposed algorithm, each branch point sends a
BRM cell whenever it receives the first BRM cell after an
FRM cell, so that the ratio of BRM cells to FRM cells for
this algorithm is less than or equal to one.

Algorithm A4 waits for all the BRM cells to return from all
branches before feeding a BRM cell back to the upstream
node, hence, the ratio of BRM celis to FRM cells for this
algorithm is less than or equal to one. In algorithm A3, the
overload detection technique is used and the branch points
send an extra BRM cell back when the network is in the
overload condition. This occasionally increases the number
of BRM cells, however, the RM ratio control technique in
this algorithm regulates this number to approximately the
same as the number of the FRM cells received at the source
in steady state.

Algorithms A6 and A7 use the overload detection technique
without any RM ratio control technique, so the ratio of
BRM cells to FRM cells for this algorithm is higher than
one. In A8, each branch point waits for the BRM cell to
return from the most remote destination and the ratio of
BRM cells to FRM cells for this algorithm is less than or
equal to one.

E. Change to the non-responsive branch

If some branches can not return the BRM cells to the branch
point, algorithms Al, A2, A3, A9 and the proposed
algorithm can properly work in this situation without any
additional timeout mechanism because they use receipt of
the FRM cell to determine when to feed BRM cell back to
the upstream node. Therefore, if there are any FRM cells in
the network, the branch point can send the BRM cell back
to the source except if neither destination can return the



BRM cell. In algorithms A4, A5 and A6, the branch point
must wait for the BRM cell to return from all branches.
Therefore, the branch points must wait indefinitely if some
branch can not return the BRM cells. This causes these
algorithms to require a timeout mechanism to solve this
problem

Algorithm A7 introduces a timeout mechanism to solve this
problem. This causes this algorithm to work properly in this
sitnation. However the branch point must wait for the
timeout to expire before it sends an extra BRM cell
Algorithm A8 waits for the BRM cell to return from the
most remote destination. If the non-responsive branch is the
most remote one, then this algorithm can not work
anymore. Thus, it requires an additional timeout
mechanism.

F. Change o the newly joined

If there are new destinations joined to the multicast tree, the
response from these branches couid not effect feedback
delay to the source. In this situation, algorithms A4, AS and
A6 must wait for the BRM cell to return from the newly
joined branch. If the propagation delay of the new branch is
very large then the transient response of these algorithms in
this case is very slow and causes congestion or low link
utilization in the network if there is a traffic condition
changed while the branch point waits for the BRM cell
from the new branch.

Algorithms Al, A2, A3, A9 and the propesed algorithm do
not need to wait for the BRM to return from the new branch
because the branch point can send BRM cell back to the
upsiream node after receiving the FRM cell. If any traffic
condition is changed in the network after the new branch
has been joined, these algorithms can quickly adjust the rate
of the source to the rate the network is able to support. For
algorithm AB, the branch point can send the BRM cells
back to the upstream node and can respond to traffic
conditions changed in the network because it always
receives the BRM cell from the most remote destination.
A7 faces a similar probiem as A4, however, the timeout
mechanism can reduce the waiting time by detecting the
timeout of the new branch.

VII. CONCLUSION

Table 1 summarizes a performance comparison between
various consolidation algorithms. The proposed algorithm
provides good and desirable performance on all aspects, it
can eliminate consolidation noise, has a fast transient
response in both overload and underload conditions and has
low implementation complexity in the switches. It works
properly even when there are some branches joined to the
multicast tree or not responding to the FRM cells.
Algorithm A9 has very good performance with low
consolidation noise and the fastest transient response, but it
uses the highest implementation complexity. Algorithms Al

and A2 have a fast transient response but suffer from
consolidation noise and require high complexity. Algorithm
A3 provides good performance regarding transient response
and implementation complexity but exhibits heavy
consolidation noise. Algorithm A4 maintains reasonable
performance in eliminating consolidation noise with fair
complexity in the switch, but it has a very slow transient
response. Algorithms AS, A6 and A7 can avoid congestion
in overload conditions and remain free from consolidation
noise. However, they display a very slow transient response
in underload condition. Moreover, in some situations these
algorithms fail to detect overload conditions in the network,
leading to possible losses of cells at the switch. Algorithm
A8 exhibits no consolidation noise but it has a very slow
transient response and a high switch implementation
complexity.

The ratio of BRM cells to FRM cells is stability maintained
at one by algorithms Al and A9. It is less than 1 in
algorithm A2 and is less than or equal to one for algorithms
A3, A4, A8 and the proposed algorithm. In the steady state,
algorithm A5 stabilizes this ratio to the one closest to 1 in
steady state. )
Algorithms A4, AS and A6 are very sensitive to either a
newly joined branch or a non-responsive branch, Algorithm
A7 circumvents this problem by using a timeout
mechanism. However its performance largely depends on
the selected timeout value. Algorithm A8 can partially
manage these situations by only sending BRM cells from
the most remote destination. The proposed algorithm and
algorithms A1, A2, A3 and A9 can perform well in this case
because they have appropriate feedback returning
mechanisms.
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Table 1I: Comparison of consolidation algorithm

Algorithms Rabert Tzeng Ren Wait-for-all Immediate rate
calculation

Consolidation noise Very High High Very High No No

Transient response in Very Fast Fast Fast Slow Slow

undetload conditions

Transient response in Very Fast Fast Fast' Slow

overload conditions

Generates BRMs Yes No No No No

Change to non Low Low Low High High

responsive branch

Change to newly Low Low Low High ~ High

Joined branch

Ratio of BRM cells to 1 <l <! 51 Limit=1

FRMcells

Resets stored feedback Yes Yes Yes Yes Yes

information at the end

of cycle

Feedback information Per VC Per VC Per VC Per VC Per VC

storing method

BRM cell returning Wait for FRM Wait for FRM after Wait for BRM after Wait for BRM from ali | Wait for BRM from alt

condition BRM received FRM received branches branches

Algorithms Probabitistic aggregate Timeout Scalable Supakiet Proposed

Consolidation noise No No No No Low

Transient response in Slow Medium? Slow Very Fast Fast

underioad conditions

Transient response in Medium* Slow Very Fast Fast

overfoad conditions

Generates BRMs No No No Yes

Change to non Medium Low Low

responsive branch

Change to newly Medium’ Low Low

joined branch

Ratie of BRM cells to >1 >1 <1 1 <1

FRM cells

Resets stored feedback Yes Yes No No No

information at the end

of cycle

Feedback information Per ¥VC Per VC Per VC and Per Branch | Per VC and Per Branch Per VC

storing method

BRM cell returning Wait for BRM from all | Wait for BRM from all Wait for BRM from Wait for FRM Wait for FRM

condition branches or branches or overload most remote branch

probabilistic detection or
probabilistic

Note

1. Depends on threshold

2. Depends on timeout value
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Abstract

This paper proposes an Early Packet Discard (EPD)
algorithm with Dynamic Threshold to improve the
performance of TCP applications over UBR service in ATM
networks. In congested networks, the performance of TCP is
degraded because a portion of the available bandwidth of the
network is wasted. Early Packet Discard algorithm was
proposed to improve performance of TCP. However, the
EPD algorithm can not improve fairness among competing
VCs in a congested network. Improvement faimess can be
used with various algorithms such as EPD with per-VC
accounting techniques. We propose an improved EPD
algorithm using a Dynamic Threshold technique. With our
technique it can achieve better fairness and throughput
among multiple TCP connections. Simulation results of EPD
using Dynamic Threshold technique are presented to
illustrate the significant improvement performance of TCP in
term of fairness and throughput compared with existing
Early Packet Discard over UBR service in ATM networks.

1. Intreduction

For applications like non real-time data traffic,
ATM Forum has defined two different service classes,
Available Bit Rate (ABR) service and Unspecified Bit Rate
(UBR) service [1]. The UBR service can use any available
bandwidth and is not sensitive to cell loss or delay. During
congestion in the network, data cells are discarded. But their
sources are not expected to reduce their transmission cell
rates, because UBR service does not use closed loop
feedback control. Then the higher layer protocol should be
employed to control the traffic in UBR service. Since
transmission contrel protocol (TCP) is perhaps the most
widely used transport layer protoco! in the existing data
networks, the performance of TCP in ATM network is a
major interest to ATM equipment vendors and service
previders. The UBR service can not provide good
performance of TCP because it does not have congestion
control and reliability. Accordingly, Romanow [2] had
proposed EPD algorithm for UBR service in which the
throughput performance was improved but the faimess was
not. To improve the fairness various algorithms such as EPD
with per-VC accounting [3] or fair buffer allocation schemes
[4] can be applied. However, in some cases EPD with per-
VC accounting can not achieve good throughput {5]. In this
paper, we propose a new algorithm that can improve both
faimess and throughput performance simultaneously.

In the following section, we shall discuss the ideas
of the Early Packet Discard (EPD) algorithm. The
improvement of EPD with Dynamic Thresheld technique,

will be described in section 3. Next section, we present a
simulation model and parameters of simulation environment
that used TCP over UBR service in ATM networks. In
section 5, we show simulation results and analyzes the
performance of TCP, Finally we summarize the Early Packet
Discard algerithm with Dynamic Threshold in section 6.

2. Early Packet Discard (EPD) Algorithm

When the buffer in congested switches is full, all the
arriving cells will be discarded." Basically, discarded cells
belong to different packets. As a result, the rest of cells of
packets are transmitted into the networks but cquld not be
completely reconstructed to the original packets at the
destination, and this is referred to as the fragmentation
problem [2]. If at least one cell in the packet is discarded, the
destination can not reconstruct the packet completely; ‘this
will cause packet retransmission at the source. The EPD
algorithm drops the entire packets instead of partial packets.
As a result, the link does not carry incomplete packets. As a
consequence, the network bandwidth will be better utilized.
A threshold is set at the switches. When queue length
exceeds the threshold, all incoming cells from new packets
are discarded. The rceceived packets that are over the
threshold are still accepted if there is a buffer space
available.

The EPD algorithm used in our study is shown in
Table 1. Table | demonstrates the efficiency and fairness for
the EPD algorithm. Throughput can be improved with the
EPD algorithm but it can not provide faimess. The EPD
algorithm discards packets randomly so that it spreads packet
loss over many sessions.

To overcome the drawbacks, we proposed improved
EPD with Dynamic Threshold technique. The EPD with
dynamic threshold techniques aims to minimize bandwidth
wastage while maintaining faimess. The dynamic threshold
technique is activated only when congestion is detected in
the network. Dynamic Threshold technique confines packet
discarding to switch buffer, it is an algorithm for buffer
allocatien. Next section describes the details of the EPD with
Dynamic Threshold technique.

3. Early Packet Discard with Dynamic Threshold
Technique

The EPD with Dynamic Threshold technique
consists of four thresholds. The first threshold is called High
threshold. If the current queue length exceeds this High
threshold any incoming cells are discarded. The second
threshold is named Low threshold. If the queue length is less
than Low threshold any incoming cells are accepted into the
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wilch. The third threshold denotes as fair share threshold,
vhich aims to guarantee faimess among all sessions. When
he total demand exceeds the available bandwidth, the
randwidth is divided equally among the competing VC's,
hat is,

T = Highthreshold 0
K
Th is the Fair share of VC connections. Let K is the number
f VC's competing for total available bandwidth. Also, let Xi
s the queue length of VCi. Total queue length (Q) is equal to
he summary of the queue length of every VC's connection.

0= X, @)

Among the established TCP connections, some may be idle,
and some TCP connections may be active but they use less
bandwidth than that being allocated. Then,

2% 3)

expression X ,<Th implies that the session uses more

bandwidth than the fair share. Whereas X, >Th implies that
the session is idle. Some VCs may be idle causing left
bandwidith in the switch. Therefore this bandwidth is shared
to the session with more data. Equation (3) can now be
expressed as

High threshold — Z X,
i<Th ( 4)

-

Th =

KX,>E

The Dynamic Threshold, Th in equation (4) is used,
when the queue length is between High threshold with Low
threshold and @; is more than the fair share.

4. Simulation model and parameters

In this section, we describe the simulation
environment that used TCP over UBR service in ATM
networks. We simulate two different parameter sets with the
network models shown in Fig 1 and Fig 2. [n network model
1 scepario, there are two ATM switches, 10 sources and each
link has a delay of 2ps. For the first simulation set, all
sources are persistent. The results are shown in Tables | and
2. In the other set of simulation, there are § bursty sources
{no. 1-5) having IMB data to transmit and 5 persistent
sources (no. 6-10). In this paper, we assume that the buffer in
ATM switches is 2000 cells, Low threshold of EPD with
Dynamic Threshold technique is fixed at 1000 cells, TCP
window size is 64 KB, minimum time out is 100 ms and
packet size of TCP is 8 KB. In network model 2, there are six
ATM switches. 10 sources and each link has a delay of 2ps.

Table 5 shows simulation results for all persistent sources
and Table 6 presents simulation results for bursty sources
{no. §-3) and persistent sources {no. 4-10).

5. Simulation results and analysis

Table 1 shows the fairness of the conventional EPD
and the proposed EPD with Dynamic Threshold. From
simulation results, EPD with Dynamic Threshold achieve
higher fairness because the algorithm counts incoming celis
and drops cells that belong to the higher usage sources. Table
2 shows the efficiency comparison of the EPD algorithm and
the EPD with Dynamic Threshold using different values of
the high threshold. It is shown that higher values of threshold
in both algorithms leads to bettér efficiency of the network
usage. However, the efficiency of 1900-cell threshold is
lower than of | §00-cell threshold because the remaining cells
of packets are transmitted into the network. The destination
can not reassemble the complete packet which will cause
wastefulness of bandwidth. This situation is called
“fragmentation problem™. Table 3 shows the faimess of the
network model 1 when the sources are persistent and bursty.
The EPD with Dynamic Threshold achieves higher fairness
at either high or low values of high threshold because
Dynamic Threshold discards cells of high usage VCs. Table
4 presents the efficiency of persistent and bursty sources. The
simulation results show that EPD with Dynamic Threshold
achieves higher efficiency than the EPD algorithm.

Table 5 shows efficiency and faimess -of all
persistent sources of the network model 2 which is named
multi hop scenario. It is shown that EPD with Dynamic
Threshold achieves higher efficiency and fairness than the
EPD algorithm because EPD with Dynamic Threshold
counts cell if any VC has amount of cells more than the fair
share then cells of this VC are discarded. Fig 2 shows
received packets of all persistent sources. 1t is shown that the
number of received packets in source 10 of the EPD
algorithm is less than the others because it has the smallest
propagation detay. Then the corresponding destination
quickly detects cell loss cause source 10 retransmits the lost
packet loss again. Fig 3 (b) shows that EPD with Dynamic
Threshold has the highest fairess because Dynamic
Threshold discards cells of higher usage VCs. The received
packets of source 10 is significantly improved by EPD with
Dynamic Threshold. Table 6 shows the efficiency and
faimess of the persistent and bursty sources. The simulation
results show that the amount of received packets is less than
the case that all sources are persistent when the sources are
bursty. In addition, the efficiency and fairness of EPD with
Dynamic Threshold is higher than EPD algorithm by
approximately 10% and 3% respectively.  ~




Figl Network model |

¥ NWITCH i SWITCH 1
'aﬂzij i

Table I Fairness of Network model 1 for persistent sources.

Threshold (celis) 1900 (95%)| 1800 (90%)] 1 700 (85%)| 1600 (80%)( 1400 (70%;)] 1200 (60%)| 1000 (50%)
EPD algorithm 0.9436 0.9326 09354 0.8682 0.9576 0.9797 0.9461
EPD with Dynamic Threshold] 0.9917 09673 0.9869 0.9615 0.9844 0.982 -

Table 2 Efficiency of Network model | for persistent sources.

Threshold {cells) 1900 (95%| 1800 {20%)| 1700 (85%)| 1600 (80%)( 1400 (70%:)| 1200 (60%)] 1000 (50%)]
EPD algorithm £3.59 87.14 87.09 84.66 83.63 72.49 66.81
EPD with Dynamic Threshold  89.54 92.63 89.54 85.78 85.47 80.63 -

Table 3 Faimess of Network model 1 in case of using both persistent and bursty sources.

Threshold (cells) 1900 (95%)| 1800 (90%)| 1700 (85%)| 1600 (80%)] 1400 (70%)] 1200 (60°%)| 1000 (50%)
EPD algorithm 0.9609 0.9858 0.9666 0.9158 0.9533 0.8766 0.93
EPD with Dynamic Thrcsholdl 0.9975 0.9929 0.9906 0.9955 0.9898 0.9525 -

Table 4 Efficiency of Network model | in case of using both persistent and bursty sources.

Thréshold (cells) 1900 (95%) 1800 (90%) 1700 (85%)| 1600 (BC*a)| 1400 (70%6) 1200 (60%)| 1000 (50%)
EPD algorithm 76.06 80.62 82.46 7444 75.33 55.2 4883
EPD with Dynamic Threshold  91.35 90.75 90.03 83.55 782 63.32 -

Pl Y

Fig. 2 Network model 2
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Table 5 Simulation results of Network model 2 for persistent sources.

Algorithm Eatly Packet Discard (EPD) |EPD with Dynamic Threshold
Received packel (packet) 9321 10091
Fairness index 0.9745 0.9951
Efficiency (%) £7.80 94.58

Table 6 Simulation result of Network model 2 in case of using both persistent and bursty sources.

Algorithm Early Packet Discard (EPD) |EPD with Dynamic Threshold
Received packet (packet) 5608 6211
Fairness index 0.9629 (.9923
Efficiency (%) 82.12 92,04
EPO Ageivn EPD) g Dyt Brothud
L)
— e
WEBl | - —  tewssd
—_— gt
{ ol | — :-:'

a1 ¥F 3 AF 4 4F
Torm 48

(a)

6. Conclusion

In this paper, we propose thé improved EPD
algorithm called “Dynamic Threshold Technique”. The
algorithm accomplishes good performance in case of both
throughput and faimess by attempting to discard packets of
the higher usage sources which cause congestion. In contrast,
the conventional EPD algorithm can reach only the good
throughput.

The simulation has shown that EPD with Dynamic
Threshold achieves better efficiency and faimess than the
conventional one in both cases, i.e. using all persistent
sources and using combination of persistent and bursty
sources. The proposed algorithm can fulfill in the manner of
faimess because it controls buffer occupancy by counting
cells in switches and discarding cells that belong te high
activity sources. In addition, the better throughput can be
achieved because the proposed algorithm shares bandwidth
among active sources only
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Abstract

Credit based flow control is a hop by hop flow
control that can guarantee cell loss in ATM networks.
Conventional credit-based flow control scheme requires
high computation complexity and has to maintain its buffer
in a per virtual connection (VC) manner. In the other word,
the scheme compiexity highly grows in' respect to the
number of increasing VCs. The complexity is an order of n
where n is the number of virtual connections. We propose
computation base common-buffer for credit-based flow
control. The proposed scheme reduces the switch
complexity from an order of n to an order of 1 that is
independent from the number of traversing VCs. From
simulations the overall performance is still not worse and
the fairness is better than the conventional scheme.

1. Introduction

ATM technology was designed to support various
kind of services such as video, data, multimedia and etc.
Available Bit Rate (ABR) service is one of the service class
standardized by the ATM forum. ABR service uses
bandwidth left over from Constant Bit Rate (CBR) and
Variable Bit Rate (VBR) services, so the resource can be
used efficiently. ABR service was classified into two classes
which are rate-based flow control and credit-based flow
control. Rate based is an end to end flow control so it can
guarantee end to end delay. An example of this control
scheme is the ERICA scheme [2]. Credit based flow control
is a hop by hop flow control, so it cannot guarantee end to
end delay but it can guarantee cell loss. Guarantee cell loss
is strong point of credit based flow control especially in the
network with TCP applications that have often to retransmit
data when the TCP window size is larger than the switch
buffer.

2.Complexity issue of credit-based

As mentioned above credit based flow control is a
hop by hop flow control. Switch buffer is the main
parameter for credit computation. In addition, the scheme
has to compute and maintain used buffer in a per VC
manner, The switch sends feedback information to inform
sources regarding the network congestion via credit cells.
The credit cells carry a value of total buffer space available
at the downstreamn switch. If the feedback buffer space is
small or the upstream node cannot receive credit cells, it
means that there is congestion in the network. The model of
credit based flow control is shown in Figure 1.

Host 1 establishes a connection to Host 2 through
switch 1 and also has another connection to Host 3 through
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switch | and switch 2. From the Figure, there are (wo
controf loops between Host 1 and switch | as the effect from
the number of traversing connections .

& vC Buler

Host 1 -

Figure 1. Credit-based flow control

N23 is a well-known credit-based schemes. In the
scheme, the switch buffer is divided into n sections, where n
is the number of traversing VCs. Every section is divided
into two zones, i.e. N2 and N3. The downstream node is
eligible to send a credit cell for a VC if it has forwarded N2
data cells of that VC since the previous credit cell has been
sent or the timer is expired. The credit cell contains a credit
value that is equal to the number of free buffers in N2 and
N3 zones. The computation of credit cell is shown in Figure
2 as credit update protocol.

Sendar Ceivel

Crd_Su W“‘mcﬁgnl .

%

Ta_Co-Fomd_Cre

Crd_8al = Bid_Adoc-{Tx_Cni-Fwd_Cnty
Figure 2. Credit update protocol

From Figure 2, Tx_Cnt is the inflight cell from
upstream node and Fwd_Cnt is the forwarded cell from
current node. Crd_Bal, which is the credit value of credit
cell computed from the total switch buffer (Buf alloc)
minus the amount of switch buffer (Tx_Cnt-Fwd_Cmt) as
shown in (1).

Crd_Bal = Buf_Alloc-(Tx_Cnt-Fwd_Cnt} (1)



After receiving a credit cell, the upstream node is
eligible to forward number of data cells of that VC to the
downstream node according to the réceived credit
information. Each time the upstream node forwards a data
cell of a VC, it decrease its current credit for the VC by one.
if credit value reaches zero, it means that there is no
permission to send any data cell from this node. Hence,
there is no data cell loss at the downstream switch.

3.Common buffer computation credit-based

The computation complexity of the conventional
scheme depends on the number of VCs. In order to reduce
the complexity, the common buffer computing technique is
employed. The proposed scheme is developed from N23
scheme and the downstream node is eligible to send credit
cells each time if it has forwarded n*N2 data cells of all VC
since the previous credit cell or the timer is expired. The
downstream node sends credit cells back to all of
corresponding upstream node with the credit value that is
ratio between the available switch buffer space and n.

Credit = Crd_Bal/n (2)

All upstream nodes will receive a common credit,
which is the fairshare of the switch buffer. .From (2)
Crd_Bal is the number of free buffer space in the combined
area of the N2 and N3 zones, similar to N23 schemes. When
credit cells are sent, Crd_Bal will be computed as in (1) and
the credit cells will be sent with credit value which is
computed from (2).

After receiving credit cells, sources are eligible to
send data cells according to credit value in the received
credit cells. Similar to N23 scheme, each time the upstream
node forward a data, it decrease its current credit for the VC
by one. If the credit value reaches zero, it means that there is
ne permission to send any data celi.

According to the rate of sending data cells, a source
approximates the times to received the next credit cell to be
the time between the last received credit cell and the current
credit cell. Thus the source should send data cells equal to
the credit value of the current credit cell in this period of
time. Allowed cell rate at the source should compute from
(3).

ACR = Credit/RT (3)
When RT is times between the last credit cell and
the current credit cell.

For the computation complexity point of view,
during the same period of times commori buffer scheme
computes credit update protocol less about n times than N23
scheme where n is the number of active VCs in the switch.

The proposed common buffer computation also
reduce system parameters due to the computation behavior.

4.Simulation

In this section, three network scenarios are
simulated to evaluate the performance of the proposed
scheme as shown in Figure 3, § and 8. Network model |
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shown in Figure 3 is one hop network model. There are S
sources sending data all the time to the bottleneck switch.
Network model 2 shown in Figure 5 is also a one hop
network model but there are 15 sources which send data
around 20 percent of the whole periods that is an on-off
source behavior. Finally, the network model 3 shown in
Figure 8 is also one hop network model. There are 10
sources, sources 1-5 send data around 3.3 percent of the
whole period and the others send data all the times. With
sending data only 3.3 percent of period in source 1-5, this
means that these sources are boltleneck sources.

4.1 One hop network model

Soawce | Dwzirvmrign 1
Saurce 2 150 Mops Daskrgtion 3
Sowrce 1 Swach 1 Swckch 2 Dasbngion 3
Source 4 Skm Desinanon &

Source 5 Dot Siwiplenn §

Figure 3. Network Model |

The result of simulation network model 1 is shown
in term of the total switch queue length and the received
cells as in Figure 4 and Table | respectively. .

Qs Sergth 0 switch 1
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as0 NI & ey
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i 300
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00 05 1 15
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Figure 4. Queue length of switch |

Table 1 receive cells at Destination

vC VC1 | VC2 | V€3 | vCa | VCSs
N23 99995 | 99396 | 99995 | 99994 | 99995
Common Buffer| 99995 { 99994 | 93995 | 99997 | 99996

From network meodel 1, there is no significan
difference between N23 scheme and common buffer schem
cither switch queue length or amount of received cell
because in this model there is no difference between an
VCs in the switch. There is no difference on the distanc
between the sources and the switch and data sending on an:
vC.

In this scenario the performance of the commo
buffer is the same as that N23 scheme but the complexity i
less than N23 as mentioned before. Hence using commo
buffer scheme is more efficient than N23 scheme in thi
case.



4.2 One hop network model with on-off sources
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Figure 5. Network model 2

The results of network model 2 are shown in terms
of received data of source 1, the total switch queue length
and received cells as shown in Figure 6, 7 and Table 2,
respectively.
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Figure 6. Data receive of source |
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Figure 7. Queue length of switch |

Table 2 receive cells at destination

Ve VC 1 VG2 VC 3 VC 4 VG5
N23 20355 | 18839 | 13558 | 19600 | 24852
Common Buffer] 18226 18382 17605 18005 19705

vC VC6 vC7 vC 8 vC9 vC 10
N23 18938 22861 15914 15980 15809
Common Buffar| 18326 18473 18721

20156 18279

vC Ve 1
N23 19804

vC 12 vC 13 vC 14

21467 11713 23741 10388

vC 15

Common Buffer| 18149 19445 | 18194 17872 17885

For N23 scheme in Figure 6, the received data is
not continually increased, there are some periods that the
switch receives a few data or cannot receives any data from
the sources so the slope of this graph is not constant. But in
common buffer scheme amount of received data is
continually increase and the slope is nearly constant. The
difference is that for N23 scheme switch buffer is not
equally shared so credit to any sources is independent and
credit field of credit cell sometime is zero or close to zero in
some sources. As a result, sources can not send data cells (o
the switch due to the suggested credit. Sources can send data
cells again when receive next credit cells that have credit
more than zero. For common buffer scheme, the switch
buffer is equally shared to all VCs and in this scenario
switch buffer is not full then credit value of credit cell that
sends to all sources is not zero, so all sources can
continuously send data cells to the switch.

From the switch queue length graph in Figure 7, the
switch queue length of 'common buffer scheme is larger than
N23 scheme on average. The larger value means that
common buffer scheme can utilize the switch buffer more
efficiently than N23 scheme because N23 scheme allocates
the switch buffer of each VC and cannot use buffer of the
others although they are available. For common buffer
scheme, the switch buffer is common and it is not
distributed so any source can achieve the available switch
buffer with the sharing buffer role.

For the throughput issue, we found that in 1.4
seconds the aggregate throughput cell of the common buffer
scheme is 277,433 cells while the aggregate throughput ceil
of N23 scheme is 273,919 cells. Hence, the throughput of
comimon buffer scheme is more than N23 scheme about 1.28
percent in this scenario. In addition, the faimess value of
N23 scheme is 0.951 but in common buffer scheme is 0.998.
Hence, the proposed common buffer scheme is able to
improve the faimess among all sessions as well.

4.3 One hop network model with some source bottleneck

bounca 1 Daptenpton 1
Sourca 2 150 Daslrabon 2

. Sumich 1 Sweich 2 M
Sourca § Sim Dastrateon &
Sowceid Simvienns 1O
Figure 8. Network model 3
The results of simulation network model 3 are
shown in term of total switch queue length and received
cells as'shown in Figure 9 and Table 3, respectively.
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Figure 9. Queue length of switch 1

Table 3 receive ceils at destination

vC vC 1 vC2 VG 3 vC 4 vC 5
N23 32997 32999 33001 | 33002 32995
Comimon Buffer| 33003 33001 32999 32999 32998
vC vC 8 vC 7 vCa VC 9 vC 10
NZ23 67001 67002 66999 66998 66995
Common Buffer] 66999 67002 66998 67000 66998

From the switch queue length graph in Figure 9, the
common buffer scheme successfully conducts the switch
queue length to the work point, compared to the N23
scheme. Because the greedy sources (6-10) can utilize
available buffer space that the bottleneck sources do not use.
Hence, the queue length is larger than the N23 scheme. The
larger value of switch queue length means that the common
buffer scheme can utilize network resources more efficiently
than the N23 scheme.

According to the received cells in Table 3, there is
no significant difference between tlie common buffer
scheme and the N23 scheme because in this model there is
no difference between any VCs in the switch similar to
network model 1 although there are bottleneck sources in
VC 1-5. The bottleneck sources atways send the data below
the fairshare bandwidth then the result of the common buffer
scheme is the same as N23 scheme in term of received celis.

In this scenario, the performance of the common
buffer is the same as the N23 scheme but the proposed
scheme can reduce the complexity and also able to conduct
the switch queue length to the working point, compared to
the conventional N23 scheme. Hence using the common
buffer scheme gives more efficient buffer utilization than
the N23 scheme.

5.Conclusion

In this paper, we propose common buffer scheme
10 reduce the complexity of credit based flow control. The
complexity of the common buffer scheme is independent
from the number of VCs and also smaller than complexity
of the N23 scheme. In some network models that there is no
difference between any VCs, the performance of common
buffer scheme is the same as N23 scheme but the common

buffer scheme is still more efficient in term of compiexity.
In some network models such as on-off sources, common
buffer scheme performs better than the conventional scheme
in terms of throughput and fairness.
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bstract

The main problem of point-to-multipoint ABR service
ATM network is how to consolidate feedback
ormation from BRM cells 1o avoid consolidation noise
ile providing fast transient response. In previous
sudies, no known consolidation algorithm is able to
ihieve both requirements simultaneously. Some
wgorithms provide very fast transient response, but they
er seriously from the problem of consolidation noise.
Whereas the others can eliminate consolidation noise, but
wder certain traffic conditions they react rather slowly to
ic changes. In this paper, we present a complete
solution to this problem. The key of this algorithm lies in
way in which feedback information is stored at each
switch, i.e. information is kept on a per-branch basis for
2ach VC. The results show that this new consolidation
;dlgorithm completely remove consolidation noise and
provides very fast transient response in both overload and
uderload conditions. However, the proposed algorithm
adds more complexity to the switches, due to extra
variables being needed.

L. Introduction

The point-to-multipoint ABR (Available Bit Rate)
gervice in ATM networks is currently considered
‘important for supporting many emerging applications,
suich as data broadcasting over subscribed members,
: Considerable attention on this class of service is now
 eminent [1-4]. In point-to-point ABR service [5], a source
"sends forward resource management (FRM) cells along
with data cells and it is turned around inte backward
resource management {BRM) cells by a destination. Along
the way back to the source, each switch adjusts explicit
rate (ER) in BRM cells to rate that the network is able to
support.

The point-to-multipoint ABR. service differs from the
point-to-point ABR service in that there exists a number of
feedback information from all the branch points sent back
to the source through BRM cells. This causes a serious
problem of how to handle such a large amount of feedback
information. A common technique to this problem is that
each branch point in the multicast tree consolidates the
information in BRM cells received from downstream
branch points or destinations and forwards the selected
one to its upstream switch. This significantly reduces the
smount of feedback information in the system. The main
chatlenge of this problem is how to consolidate BRM cells
in such a way that the transient response of each traffic
solrce can be fast while avoiding undesired consolidation
noise [4]. So far, a number of consolidation :flgoritlm.ls
have been proposed [1-4]. However these algorithms still
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have the consolidation noise problem or have slow
transient response in underload condition leading to
congestion and low link utilization.

In this paper, we describe a new consolidation
algorithm that can eliminate consolidation noise, have fast
transient response for both overload and underload
conditions and can maintain the ratic of BRM cells to
FRM cells close to 1. The details of this algorithm wilt be
explained in section 3.

The organization of this paper is as follows. In section
2, we briefly describe the representative existing
consolidation algorithms briefly. The new consolidation
algorithm is described in section 3. Performance analysis
and discussion is presented in section 4. Finally, section 5,
we make conclusions.

2. Related Works

Robert [1] first proposed a consolidation algorithm
which has an objective of achieving the fastest transient
response. The basic idea of this algorithm is that each
branch point consolidates the feedback information on a
per-VC basis and passes it on to its upstream node through
a BRM cell after the branch peint has received a FRM
{(Forward Resource Management) cell. With this
technique, consolidated feedback information may not
reflect the actual congestion level of all the branches,
because the feedback from some branches may have not
yet arrived at the time when the BRM cell is sent. This
could cause undesired consolidation noise. To reduce such
consolidation noise, Tzeng [2] improved this algorithm by
ensuring that the feedback to the upstream node is sent
only when at least one BRM cell has been received from a
downstream branch before receiving a FRM cell, This
algorithm is able to reduce the level of consolidation
noise. Ren {3] argued that generating a BRM cell causes
switches to higher complexity and he also proposed two
alternative algorithms. In his first algorithm, the first BRM
cell received is passed to the source after a FRM cell has
been received. Note that all the three algorithms described
so far cause consclidation noise. For his second algorithm,
Ren presented the algorithm that can climinate the
consolidation noise entirely. The algorithm is referred to
as “wait-for-all” algorithm. In this algorithm, each branch
point waits for BRM cells arrival from all the branches
before a BRM cell is sent to the source. Although the
problem of consclidation noise is completely removed, the
waiting time for all feedback information may be long,
causing very slow fransient response.

-

Recently, an improved algorithm to these two
techniques is found in [4). The paper introduced a fast
overload indication function to the “wait-for-all”

- 1387 -



algorithm to enhance the transient response under severe
network overload condition. Whenever the switch receives
a BRM cell that has ER much lower than the previous ER,
it generates an extra BRM immediately back to its
upstream branch. Although this mechanism could improve
the transient response, it occasionally generates more
BRM cells than the number of FRM cells it has been
received. In addition, this algorithm is unable to respond
to the underload condition where the source node is
entitled to increase its rate.

3. New Consolidation Algorithm

The main idea in the new consolidation algorithm is
that each branch point maintains the feedback information
on a per-branch basis for each VC, so that the feedback
information from all the branch points can be kept up-to-
date all time. This can prevent incorrect feedback
information in BRM cell that can cause the consolidation
noise. Because of correct feedback information at branch
point, we can use feedback condition of Robert's
algorithm that gives fastest transient response. Each
branch point issues a BRM cell to its upstream switch only
when it receives a FRM cell. Moreover, this ensures that
the ratio of BRM cells to FRM cells is always L. The
pseudo code of this algorithm can be shown as follows:

Upan the receipt of a forward RM(ER.CINI) cell :
Multicasi this RM cell 1o all participating branches;
Let ER = min(MER, ) , CI = or(?MCl, } and NI = or(MNI, }
Jor all participating branches;
Let ER = min (ER, ER calculated by congestion control
scheme for all branches)
Send this RM cell back to the source;
Upon the receipt of a backward RM(ER CINI) Cell fram branch i:
Let MER, =ER, MCI, = CI, MNL; = NI
Discard the BRM Cell

4. Performance Analysis

A. Parameter Setting

In the simulation, the foilowing parameter values are
used

All links have a bandwidth of 150 Mbps.

All sources have PCR = 150 Mbps, RIF = |, RDF =
0.125, Nrm = 32, ICR for source 1 = 25 Mbps and
ICR for source 2 = 150 Mbps

Alt point-to-multipoint traffic flows from the root to
the leaves of the tree. No traffic flows from the
leaves to the root, except for RM cells. The same
applies for the point-to-point connection.

The sources are persistent, i.e. there is always data to
send.

All switches are assumed to empioy ERICA [6]
congestion control algorithm with the switch
measurement interval set to minimum of the time to
receive 100 cells and 1 ms. Target utilization of 0%
is used in Network Model I and 100% in Network
Model I

B. Network Model I

e

ot

Figure 1: Network Model 1

To illustrate the advantages of the new alporithm, its
performance is evaluated and compared with the other 3
algorithms, Robert’s algorithm, “wait-for-all” algorithm
and Sonia's algorithm. A useful configuration for
illustrating the consolidation noise and consolidation delay
problem is shown in Figure 1. The network consists of a
point-to-multipoint connection with two destinations
connected to switch 2 and 3, and a point-to-point
connection which starts sending data at 200 msecs.

All the simulation results are summarized in Figures 4-
7. It appears that Roberts’ algorithm has a very fast
transient response as expected. The source node can
increase its rate almost instantly, as the petwork load
condition allows. However, it exhibits serious
consolidation noise, leading to rate oscillations, instability
and unbounded queue, after source B becomes active. On
the contrary, the “wait-for-all” algorithm can ¢liminate the
consolidation noise, but it has very slow transient
response, resulting in low link utilization during the
transient period. The results from Sonia’s algorithm are
identical to that of “wait-for-all”, because it can only
detect overload condition but not the underload condition
as in this configuration. Therefore, Sonia’s algorithm
suffers the same limitations as in the “wait-for-all"
algorithm. The proposed algorithm yields superior
performance to all. It can rapidly react to changes in
network load conditions for both overload and underload,
thus allowing maximum link utilization. The problem of
consolidation noise is also completely removed. However,
these advantages are achieved due to extra variables being
needed in the switches.

C. Network Model I1

e 2 e

‘mk 'Ilﬂ.. VR Souroe &
Figure 2: Network Model il

Network Model 11 is a VBR chain configuration s
shown in Figure 2. VBR source C is an ONJOFF source,
The ON period and OFF period are 100 ms. The VBR
source sends data at 140 Mbps during ON period and 0
Mbps during OFF period. The bottleneck link is link3. As
seen in Figure 8, Robert’s algorithm has heavy
consolidation noise especially in OFF period. This is
because when source C stops sending data in OFF period,
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“source A should increase its rate leading source to

. generate more FRM cells and branch point would receive
FRM cells more than BRM cells. For Robert’s algorithm,
the branch point feedbacks BRM cell when it received
FRM cell, so that in this situation, the branch point must
feedbacks BRM cells more often. Feedback information at
branch point is cleared to ER value from FRM cells after
retuning BRM cell. This makes an incomplete
tonsolidate feedback information from BRM cell and
leads to consolidation noise.

For Wait-for-all algorithm, consolidation noise has
been completely eliminated, however it still have very
slow transient response because the source has to wait for
the BRM cell to return from the farthest branch which is
the destination dA;. Sonia’s algorithm gives very fast
ransient response because network is in overload
condition at the start phase. The overload detected
technique would force branch point to feedback BRM cell
to upstream branch. Like wait-for-all algorithm, Scnia's
slgorithm can eliminate consolidation noise because when
petwork is not in overload condition the Sonia’s algorithm
acts like wail-for-all algorithm. The results for the
proposed algorithm are almost the same as Sonia’s
algorithm with very fast transient response like Robert’s
algorithm and no consolidation noise founded because of
good feedback information storing method.

D. Network Model IIT
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Figure 3: Network Model I

The network model III is shown in Figure 3 [7]. The
bottleneck link is the one between switch SW3 and the
destination dA;. As seen in Figure 9, the new
consolidation algorithms can adjust the source rate

. immediately to 40 Mbps because the source A receives
BRM cell from SWO. After that ACR at the source A is

" reduced to 35, 30 and 20 respectively according to the
_rectiving of BRM from SW1, SW2 and SW3. Thus the
network can get higher link utilization in transient state
and it reaches the steady state within 3 ms. For Sonia’s
algorithm, the source rate is constant at ICR value (5

Mbps) until 6 ms leads to low link utilization in transient
state, This is because when network is in an underload
condition, Sonia’s algorithm acts like wait-for-all
algorithm, The source has to wait for the RM cell to return
from the farthest branch which is the destination dA,.

3. Conclusions

In this paper, we proposed the new consolidation
algorithm. The simulation results are compared with
previous consolidation algorithm. It shows how
consolidation noise happened and we proposed the
solution of this problem by improving feedback
information storing method. This can eliminate
consolidation noise. In addition, this algorithm uses fastest
BRM cell feedback method, results in very fast transient
response in both overload and underload conditions.
However, the proposed algorithm adds more complexity
in increasing of variables in the switches.

Acknowledgement

This work is supported in part by TRF,
Chulalongkorn University and Telecom Consortium.

References -

{1]L. Roberts, “Rate based algorithm for point to
multipoint ABR service,” ATM Forum/94-0772RI,
Nov. 1994,

[2]1H-Y. Tzeng and K-Y. Siu, “On max-min fair
congestion control for multicast ABR service in
ATM," IEEE JSAC, vol 15, no. 3, pp. 545-555, Apr.
1997.

[B1W. Ren, K-Y. Siu, and H. Sumki, “On the
performance of congestion control algorithms for
multicast ABR service in ATM,” Proceedings of IEEE
ATM'96, 1996.

[4} S. Fahmy, er.al., “Feedback consolidation algorithms
for ABR point-to-multipoint connections,”
Proceedings of IEEE INFOCOM'98, 1998,

[S}The ATM Forum, “The ATM forum traffic
management specification version 4.0,” Apr. 1996.

[6] R. Jain, 8. Kalyanaraman, R. Goyal, S. Fahmy, and R.
Viswanathan, “ERICA switch alporithm: A complete
description.” ATM Forum 96-1172. Aug. 1996.

(7] T. Jiang, Ellen W. Zegura and M. Ammar, “Improvec
consolidation algorithm for point-to-multipoint ABR
service.” 0-7803-4874-5/98, IEEE. 1998.

- E]
: . ==
B 14l
= %ﬂ g
H [ «
‘ - !u !
- s e
-i' o4 o
aI L}
N - % » I = b “ o _ “ﬁ ]

Figure 4: Simulation results for Network Medel I from Roberts® algorithm

-1388 -



- — b " .
L] e rrrmavenne e eeiai
I "
3 EII "
fro i g
1 ]
«
. | Iy )
: 04 »
% [ ) w w 500 o i) W - @ w - % o m (-] )
Tump (mpecs) Tarw Jnence) Thrt {uece)
Figure 3: Simulation results for Network Model I from the “wait-for-all” algorithm
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Figure 6: Simulation results for Network Model [ from Sonia’s algorithm
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Figure 7: Simulation results for Network Model I from the proposed algorithm
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Figure 8: Simulation results for Network Model II
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