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To study develop and design a congestion control technique for
point-to-muitipoint ABR traffic in ATM networks

This research aims to develop a new technique for congestion

| control of ABR ftraffic in ATM networks with an emphasis on the _

problem of feedback signaling consolidation algorithms in each
switching node. Computer simulations are used to evaiuate_the
pérformance of these algorithms. The efficiency of each algorithm
is measured from the feedback speed and corr_ecthess for
controlling transmission rate of ABR sources so as to achieve the
maximum throughput system without the stability problem.

This research has resulted in new algorithms that can completely
solve all the existing problems. The network is able to send the
feedback control information at the maximum speed with
accurate information, aliowing an effective network resource

utilization and causing no unstability problem.

Discussion Conclusion : In this research, two new congestion information

~ Suggestions :

Keywords :

consolidation algorithms for ABR traffic in point-to-multipoint

-environment have been developed. The first algorithm offers

optimal solution to this problem and hence it is superior to all
previously known techniques. Whereas the second algorithm can
result in near-optimum but with much less compiexity.

The 'deve'loped algorithms is complete and highly effective.
Therefore, the next interesting issue is the interoperability
between different cbngestipn control algorithms.

ATM networks, ABR services, Congestion control and

Consolidation algorithm




Executive Summary

In this report, an extensive study of congestion control for Available Bit Rate
(ABR) services in ATM Networks is presented. At present, the point-to-multipoint ABR

(Available Bit Rate) service in ATM networks is considered important for supporting

many emerging applications, such as data broadcasting over subscribed members and o

Internet muiticast networking. The main problem of point-to-muitipoint ABR service in
ATM network is 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 hénd!e 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 amount of feedback
information in the system. ‘The main challenge of this problem is how to consolidate
BRM cells in such a way that the transient response of each traffic scurce can be fast
while avoiding undesired consolidation noise. In previous studies, no known
consolidation algorithm is able to achieve both requirements simultaneously. Some
algorithms provide very fast transient response, but they suffer seriously from the
problem of consolidation noise. Whereas the others can eliminate consolidation noise,
but under certain traffic conditions they react rather slowly to traffic changes. In this
investigation; we present a complete solution to this problem. The key of this.new
algorithm lies in the way in which feedback information is stored at each switch, ie.
information is kept on a per-branch basis for each VC. The results show that this
proposed consolidation aigorithm complétely remove consolidation noise and provides
-'_ve_ry' fast transient response in both overload and underioad conditions. However, the
: ...-'_"-p__r_o'posed algorithm adds more complexity to the switches, due to extra variables being
:heeded:. Consequently, an alternative algorithm with much less complexity is developed.
It is shown that this new algorithm offers similar performance té the first while the

number of variables needed at each switch is kept to minimum.
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Private Network

Bit Rate Bl PMD: Physical Media I Distance | TC Comments
| 155.52 Mbps  UTP-Category 5 (data grade) 100 m STS-3¢ NRZ
| 155.52 Mbps Single mode fiber 2 km | STS-3¢

; Multimode fiber 2 km
Coaxial pair | 900 ft.

1'622.08 Mbps ' Single mode fiber 2 km STS-12

Public Network ’

Bit Rate PMD: Physical Media | Distance - TC Comments

155 52 Mbps Single mode fiber 15 km | STS-3c '

622.08 Mbps | Single mode fiber CISkm | STS-12
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1 Message type Direction 1
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| \\\
2 Minimum celi rate oY
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S | i
4 Queue length
4 Sequence number |
30.75
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#1319 2.3 Fields and their position in RM-cells

Initial Value

“ FIELD OCTET | BIT(s) DESCRIPTION If source- - If switch-generated or
| generated destination-generated
Header -5 | Al ATM Header RM-VPC : VCI=6 and PTI=110

' RM-VCC : PTI =110
1D 6 All Protocol Identifier 1
DIR 7 8 Direction | 0 : 1
BN 7 7 BECN Cell 0 1
Cl 7 6 Congestion 0 Either CI=1 or NI=1 or
Indication both
NI 7 v No Increase Oorl
URA 7 4 Request/ 0 or set in accordance with 1.371-draft
Acknowledge
Reserved 7 3-1 Reserved 0
ER 89 All Explicit Cell Rate A rate not greater . Any rate value
than PCR
_ parameter
CCR 10-11 - All Current Cell Rate ACR parametef 0
MCR 12-13 All Minimum Cell Rate | MCR parameter 0
. QL 14-17 | Al Queue Length 0 or set in accordance with 1.371-draft
SN 1821 | All | Sequence Number 0 or set in accordance with 1.371-draft
Reserved 22-51 All Reserved 6A (hex) for éach octet
Reserved 52 8-3 Reserved 0
CRC-10 . 52 2-1 CRC-10 See ITU-T Recommendation
53 All 1610

2.4 35013 AIURU ANALAS (Congestion Control Scheme)
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2.4.1. 3Emstlounduia@e) (Binary Feedback Schemes)
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3.3.1 Robert Algorithm
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Wanazedluglin 3.6

Upon the receipt of a forward RM(ER,CI NI) cell :
Multicast this RM cell to all participating branches;
Let MXER =ER, MXCI = €I, MXNI = Ni;
Let ER=MER, Cl=MC!, NI = MNI;
Let ER = min (ER, ER calculated by congestion control scheme for ali branch)
Send this RM ceil back to the source;
Let MER = MXER , MCI = MXC!, MNI = MXNI;
Upon the receipt of a backward RM(ER,CILN1) Cell
Let MER = min (MER , ER), MCI = MCI or CI, MNI = MNI or NI
Discard the BRM Cell

31 3.5 S1AUNT91 Y4 Robert algorithm
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Multicast this RM cell to all

participating branches

MXER =ER_in_ RM

MXCI = CI_in_RM
MER = min(ER_in_RM,MER)

MCI = CI_in_RM or MCI

MXNI=NI_in_ RM

MNI = Ni_in_RM or MNI

ER_in RM = MER
CI in_RM = MCI
Discard this BRM cell NI in RM = MNI

A

X

ER in RM=min (ER_in RM,ER

calculated by congestion control

scheme for ail branch)

Send this RM cell back to the source

MER = MXER
MCI = MXCI
MNI = MXNI

Cee
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Upon the receipt of a forward RM(ER,CILNI) cell :
Moulticast this RM cell to all participating branches;
If AtLeastOneBRM then
Let MXER = ER, MXCI = CI, MXNI = NI;
Let ER = MFER, CI=MCI, NI = MNI;
Let ER = min (ER, ER calculated by congestion control scheme for all branch)
Send this RM celi back to the source;
Let MER = MXER , MCI = MXCI, MNI = MXNI;
Let AtLeastOneBRM = 0;
Upon the receipt of a BRM{ER,CI,NI) Cell
Let AtLeastOneBRM = I;;
Let MER = min (MER, ER), MCI = MCI or CI, MNI = MNI or NI
Discard the BRM Cell

1# 3.7 S19umsieauyee TS algorithm
g




No

AtLeastOneBRM = |

MER = min(ER_in_RM,MER)
MCI = CI_in_RM or MCI
MNI = NI_in_RM or MNI

Discard this BRM cell

Furad RM

o
L"ﬂ‘ulﬁb’ﬂﬁ FRM

Multicast this RM cell to all

participating branches

+Yes

MXER = ER_in RM
MXCI = CI_in_RM
MXNI = NI_in_RM

ER_in_RM = MER
CL in_RM = MCI

NI_in_RM = MNI

h

ER_in RM =min (ER_in RM, ER
calculated by congestion control

scheme for ali branch)

X

Send this RM cell back to the source

MER = MXER
MCI = MXC}
MNI = MXNTI

A 4

AtLeastOneBRM =0

51 3.8 uwufan1s¥19Ue 3 Robert algorithm
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3.3.3 RSS Algorithm

‘3'%’mmaminfmﬂamﬁm‘%ﬁ%éﬁmmmmﬂ?ﬁmi Robert Algorithm 4ag TS Algorithm
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Upon the receipt of a forward RM(ER,CI,NI) cell :
Multicast this RM cell to all pamcxpanng branches;
Let AtLeastOneFRM = I;
Upon the receipt of a backward RM(ER,CINI) Cell .
Let MER = min (MER, ER), MCI = MCI or CI, MNI = MNI or NI
If AtLeastOneFRM then
Let ER=MER, CI=MCI, NI = MNI;
Let ER = min (ER, ER calculated by congestion control scheme for ali branch)
Send this RM cell back to the source;
Let MER =PCR, MCI=0, MNI =0;
Let AtLeastOneFRM = 0;
else
Discard the BRM Cell

3U% 3.9 §1Un139119114YB e RSS algorithm
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{ SuwadrRM )

l

No %] <
Wuiraa FRM
MER = min(ER_in_RM,MER)
MCI=CI_in RM or MCI
MNI =NI_in_RM or MNI
‘Yes
No
ER_in_RM = MER 4
CIL in RM = MCI Multicast this RM cell to all
NI_in_RM = MNIi participating branches
y
ER_in_RM = min (ER_in_RM 5 ER AtleastOneFRM = 1
calculated by congestion control
scheme for all branch)
A
Discard this BRM cell Send this RM cell back to the source

A
MER =PCR
MCI=0
MNI=0

AtLeastOneFRM =0

317 3.10 uHURIN13Y119 11 Y82 RSS algorithm >
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3.3.4 Wait-for-all Algorithm
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Upon the receipt of a forward RM(ER,CI,NI) cell :
Multicast this RM cell to all participating branches;
Upon the receipt of a backward RM(ER,CI,NI) Cell from branch i :
If not BRMReceived, then
Let BRMReceived, = I;
Let NumberOfBRMsReceived = NumberOfBRMsReceived + 1;
Let MER = min (MER, ER), MCI = MCl or CI, MNI = MNI or NI
If (NumberOfBRMSReceived == NumberOfBranches ) then
Let ER = MER, CI = MCI, NI = MNI; :
Let ER = min (ER, ER calculated by congestion control scheme for all branch)
Send this RM cell back to the source;
Let MER=PCR,MCI=0, MNI=0; .
Let NumberOfBRMSReceived = 0;
Let BRMReceived = 0 for all branch;
else :
Discard the BRM Cell

o_ o

317 3.11 1AUMINNUYBS Wait-for-all algorithm
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¥

MER = min(ER_in_RM,MER)
MCI = CL_in_RM or MCI

MNI = NI in_RM or MNI

NumberOfBRMSReceived ==
NumberOfBranches?

A 4

Multicast this RM celi to all

ER_in RM = MER
Cl_in RM = MCI
NI in_RM = MNI

L

ER in RM=min (ER in RM, ER

participating branches

calculated by congestion control

scheme for all branch)
Discard this BRM cell ‘L

Send this RM cell back to the source

|
MER = PCR
MCI =0
MNI=90 !
l 7 N v
NumberOfBRMSReceived =0 | '
BRMReceived = 0 for all branches

END

7U% 3.12 umuRen 13191198 Wait-for-all algorithm
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3.3.5 Immediate Rate Calculation Algorithm
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Upon the receipt of a forward RM(ER,CI.NI) cell :
Multicast this RM cell to all participating branches;
Let FRMminusBRM = FRMminusBRM +1;
Upon the receipt of a backward RM(ER,CI,NI) Cell from branch i :
Let SendBRM = 0;
Let Reset=1;
{f not BRMReceived, then
Let BRMReceived, = 1
Let NumberOfBRMsReceived = NumberOfBRMsReceived + I;
Let MER = min (MER , ER) | MCI = MCI or CI, MNI = MNI or NI;
Let MER = min (MER , minimum ER calculated by congestion control scheme for all branch)
(*** for faster overload detect ***)
If (MER 2 LastER) and (Skiplncrease > 0) and (NumberOfBRMSReceived == NumberOfBranches ) then
{
Let SkipIncrease = Skiplncrease —1 ;
Let NumberOfBRMSReceived = 0;
Let BRMReceived = 0 for all branch;

}
else if (MER < (Threshold x LastER)) then (*¥*** overload is detected *****)
{
if (NumberOfBRMsReceived < NumberOfBranches) then
Let Skipincrease = Skiplncrease + I;
Let Reset =0;
Let SendBRM = 1;

}
else if (NumberOfBRMsReceived == NumberOfBranches) then
Let SendBRM = I;
If (SendBRM) then
{
Let ER = MER, CI = MCI, NI = MNI;
Let ER=min (ER, ER _éaiculated by congestion control scheme for all branch)
Send this RM cell back to the source;
Let LastER = ER;:.
If (Reset) then
Let MER =PCR, MCI=0, MNI = 0;
Let NumberOfBRMsReceived = 0;
Let BRMReceived = 0 for all branchs
Let FRMminumBRM = FRMminumBRM —I;
}
else

Discard the BRM Cell

g‘l}ﬁ 3.13 MAUNITIMNIUYDY Immediate Rate Calculation algorithm
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Fuivad BRM 910

branch i

SendBRM =0

Reset =1

{ $uwad FRM )

BRMReceivedi =]
NumberOfBRMsReceived =

NumberOfBRMsReceived + 1 ]
% Multicast this RM cell to all

participating branches

MER = min(ER_in_RM,MER)

MCI = CI_in_RM or MCI
MNI = NI_in_RM or MNI

[ A

1
FRMminusBRM =

v
ER_in_RM = min (ER_in RM , ER )
FRMminusBRM + 1

calculated by congestion control

scheme for all branch)

END

MER >= LastER AND Skipincrease >0 AND
berOfBRMSReceived = NumberOfBranches?

Yes

A

SkipIncrease = SkipIncrease -1
NumberOfBRMSReceived =0
BRMReceived = 0 for ail branches

MER < (Threshold X LastER

NumberOfBRMSReceived =
NumberOfBranches

No |

NumberOfBRMSReceived <
NumberQfBranches

SendBRM = 1

Skiplncrease = SkipIncrease +1

Reset=0

B!
¥

SendBRM = |

F

< o o . . .
g‘ﬂﬂ 3.14 LAUNINITN11UY8Y Immediate rate calculation algorithm
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ER_in_RM = MER

Cl_in_RM = MCI
NI in_RM = MNI

WIS
ER_in_RM =min (ER_in RM, ER

calculated by congestion control
scheme for all branch)

LastER=ER in RM

S TRy MR Ly

Send this RM cell back to the source

. Yes

Discard this BRM cell

MER = P_CRV

MCI=0
MNI=¢ No
NumberOfBRMSReceived =0

BRMReceived = 0 for all branches

Bl

X

FRMminusBRM = FRMminusBRM -1

END
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Upon the receipt of a forward RM(ER,CLNI) cell :
Mudticast this RM cell to all participating branches;
Let ER = min(MER, ), CI = or(MCI, ) and NI'= or(MNI,)
Jor all participating branches;
Let ER = min (ER, ER calculated by congestion control
scheme for all branches) v
Send this RM cell back to the source;
Upon the receipt of a backward RM(ER,CINI) Cell from branch i:
Let MER =ER, MCI = CI, MNI = NI;
Discard the BRM Cell

o o e

3% 3.15 Sraunsiianuves ITEmseusuuuf |

( $uwadrM

N

= I'd
Wuraq FRM
J’Yes
Multicast this RM cell to all
participating branches
t _
A
v
MER]_ —ER_in_RM ER in RM= min(MERx_} for all branch i
MCIi = CLin RM Cl_in RM= min(MC!i) for all branch i
MNL = NI_in_RM NI_in_RM = min(MNI) for all branch i
k 4 : X -
Discard thls BRM celt L ER_in_RM = min (ER_m_RM s ER

calculated by congestion control

scheme for all branch)

y

Send this RM cell back to the source

y oo e
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Upon the receipt of a forward RM(ER,CLNI) cell :
Multicast this RM cell to all participating branches;
Let AtLeastOneFRM = 1;
Upon the receipt of a backward RM(ER,CI,NI) Cell
Let MER = min (MER , ER) , MCI = MCI or CI, MNI = MNI or NI
If AtLeastOneFRM then
Let TER = ER;
Let ER = MER, CI = MCI, NI = MNI;
Let ER = min (ER, ER calculated by congestion control scheme for all branch)
Send this RM cell back to the source;
Let MER =TER, MCi =0, MNI = 0;
Let AtleastOneFRM = 0;
else
Discard the BRM Cell
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MER = min(ER_in_ RM,MER)
MCI=CIL_in RM or MCI
MNI=NI_in_RM or MNI

Discard this BRM cell

AtLeastOneF@

Yes
v

[ TER =ER_in RM

X
ER in RM = MER
Cl_in_RM = MCI
NI_in RM = MNI

h
ER in RM = min (ER_in RM, ER

calculated by congestion control

scheme for ail branch)

N

Send this RM cell back to the source

MER =TER
MCI=0
MNI=0

(AtLeastOneFRM =0

£

Multicast this RM cell to ali

participating branches
L

AtleastOneFRM =1

A

END
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5.2.6 Change to non responsive branch
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Performance Classification of Ctholidation
Algorlthms for Point-to-Multipoint ABR
Servme in ATM Networks

Lunchakorn Wattisittikulkij, Supakiat Laohamatanee, 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 conselidate BRM
cells to avoid feedback implosion problem while providing
* fastest response to control traffic in the netwerk. In this paper,
we first describe the remaining unsolved probiems in the
existing consolidatien algorithms and propose a new algorithm
to soive these problems. The performance of all previously
known consolidation algorithms 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 shew that the proposed
algorithm provides good and desirable performance compared
fo the existing algorithms.

Index Terms—ATM, ABR, cousolidation 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

problemi 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 upstreamn switch. This significantly

L. Wuttisittikulkij and P. Prapinmonkolkam are with the Department of
. Electrical Engineering, Chulalongkom University, Bangkok, Thailand (e-
¢ mail: lunch@ee.eng.chula.ac.th).
8. Laohamatanee was with the Department of Electrical Engineering,
Chulalongkom University, Bangkok, Thailand. He is now with Bangkok
Datacom company, Bangkok, Thailand:

reduces the amount of feedback information in the system.
The main challenge this problem poses is how to
consolidate BRM cells in such a way that the transient
response of each traffie 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 consolidation 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 trausient 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 braneh.

1. 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
4 BRM celis 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 I as certain types of sources are sensmve 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
to its upstream node without wamng for the BRM cells
to return from the new branch in order to maintain a
good response. -

. Il 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
afer 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 feedbaek 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 aiso
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
dlgorithms described so far cause consolidation noise. For
his second algorithm, Ren presented the algorithm that can
¢liminate 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 ap immediate rate
calculation algorithm [4,5], whenever the switch receives a
BRM cell with ER much fower 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 point 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 fower than the
pervious one. In addition, this algorithm introduced 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 cells 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 storing 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 enhanees the transient response in the system
by immediately sending the BRM cell after receiving a
FRM ceil. However, it adds more compiexity in mereasmg
the number of variables in the sthches

For convenience, in the following paragraphs, Robert’s
algorithm will be referred to as “Al”, Tzeng’s algorithm
will be “A2”. Ren’s first and second algorithms wiil be
denoted as “A3” and “A4”, réspectively. 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 de 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 conselidation
noise problem in algorithm A3 by not resetting 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:

[
i Upon the receipt of a forward RM(ER,CLNI) cell :
Multicast this RM cell to all participating branches;
Let AtleasitOneFRM = 1;
Upon the receipt of a backward RM(ER,CI,Ni) Cell
Let MER = min (MER, ER) , MCI = MCI or CI, MNI = MNI or NI
If AtLeastOneFRM then
Let TER=ER;
Let ER = MER, Cl =MCI, NI = MNI;
Let ER =min (ER, ER calculated
By congestion conirol scheme for all branch)
Send this RM cell back to the source;
Let MER=TER, MCI=0, MNI =0;
Let AtLeastOneFRM = 0;
else
| Discard the BRM Celf

V. PERFORMANCE ANALYSIS
A Parameter Setting
In the simulation, the following parameter values were

used.
¢ All links have a bandwidth of 150 Mbps.

e  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 '

e  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 control 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 0.0015ms,a=1.15,b=1, QDLF = 0.5.

B. Simulation results

SWi —1 sw2 SW3 - Sw4 @

= Source C Source B
) startet400 start at 200 msec
and stop at 400 msec

msec
Source A }t—so km—+—600 km——+—5mo km—+—5000 km—bl

Figure 1: A test network model

We compared the consolidation neise 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 dA1 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 souree € is active.

Figures 2 to 11 show the simulation results for the
consolidation algorithms. As shown in Figure 2, algorithm
AT 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 quickly 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 unfairmness. 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
i algorithm can not increase the ACR value at source A to

| fairshare until after 100 ms leading to low link utilization in -

| the start phase. Moreover, when source C is active at 400
fms 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 5: Results for algorithm A4

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 A5
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 cell
to adjust the rate of the source. When sowrce 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 cells.
However, this technique only uses infermation from -
downstream switches without any immediate rate:
calculation technique, which can calculate the ER value of
this switch before detecting the overload condition.
Therefore, aigorithm A6 fails to detect the overload
condition leading to a slow transient response in both
overload and underload 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 algorithm A6, algorithm A7
uses the overload detection technique without immediate
rate calculation techmnique and it produces a very slow
transient response in both overload and underload
conditions.



ACRs (Mbps)
8

Z 8

2 5

o

B

o .
e
s
|
) 2
g

8

ACRs (Mbps)

=]

g

ACRs { Mbps)

o

The algorithm A9 yields optimal performanee in this

,,,,,,,,, S ACR® Swrme A network configuration, it can maintain stored feedback
T AERaSource B information, hence, no consolidation noise was found.
e ] Moreover, this algorithm provides a fast transient response
P 1 in both overload and underioad conditions because each

1 branch point immediately sends the BRM cell to the

upstream node after receiving the BRM cell. In the same
manner, the proposed algorithm reduces consolidation noise
by protecting stored feedback information from being reset
to a high value. Like A3, this algorithm maintains a fast
transient response. However, the transient response of A9 is

slightly faster than the proposed algorithm.
4] 100 200 300 400 500 800
Time { msecs ) 200 Y —
. . ~— ACR at Source A
Figure 6: Results for algorithm A5 1o T ACRatSoureB|{
------ ACR at Seurcs C
160} '
== ACR at Source A 140
——  ACR at Source B | ] i
------ ACR at Source C E 120+
s
....... . ~ 100+
: 2
é <Ry 4 :
: 50} \ ]
@ ’} \
Y : T T
! i 2 -
¥
| i/ a . .
. Y, 0 100 0 30 40 500 0
Time { msecs )
Figure 10: Results for algorithm A9
0 10 20 20 0 500 600
Time ( msecs ) 200 — T T
—~—-  ACR at Source A
. . D : 180} ——  ACRat Source B| 1
Figure 7: Results for algorithm A6 s | ACR ot Sourse B
160 4
~———-  ACR at Seurce A 140
—— ACRat Spurce B | ]
------ ACR a Source C 120

ACRs (Mbps)
g 8 B

P
\ L/ ]

100 200 300 400 50
Time (msecs )

Figure 11: Results for algorithm A10

(

B 5 8 8

100 200 300 400 500 600
Time { msecs )

o

Figure 8: Results for algorithm A7 VI. COMPARISON OF THE CONSOLIDATION ALGORITHMS

= ACR at Source A
——  ACR st Source 8
- ACR at Source C

This section summarizes the performance among various
consolidation algorithms and compares between them in
terms of consolidation noise, transient response,
implementation complexity, ratio of FRM cells to BRM
cells, change to non-responsive branch and change to newly
joined branch.

%

A. Consolidation noise

8588

Algorithms Al, A2 and A3 exhibit unacceptable

o proe m pos m =0 0 consolidation noise in some cases due to incomplete
Time {msecs ) feedback information stored at the branch point. Algorithms
Figure 9: Results for algorithm A8 A4, AS, 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 A1 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 celis in

the network, this algorithm prov1des 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 AI, A2 and A9 to have a high complexity in
turning around 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 turn around the RM cell, and it keeps the per-VC
infermation minimak .

The algorithm A4 is more complex because it adds some
wvariables 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 algorithm 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 intc 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 variables. 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 fo 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 ali
branches before feeding a BRM. cell back to the upstream
node, hence, the ratio of BRM cells to FRM cells for this
algorithm is less than or equal to one. In algorithm A5, 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 ratic of

BRM cells to FRM cells for thxs 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, AS 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

situation. However the branch peint 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 nen-responsive branch is the
most remote one, then this' algorithm can not work
anymore. Thus, it requires an additional timeout
mechanism.

' F. Change to the newly joined

If there are new destinations joined to the multicast tree, the
response from these branches could 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 proposed 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
upstreamr 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 A8, 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 problem 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 Al, A2, A3 and A9 can perform well in this case

because they have appropriate feedback returning

mechanisms.
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Laszlé Pap. Sandor Imre: A New CAC Method Based on Errorcorrected Chernoff Bound with Joint Optimization

4. The Call Admission Control Procedure

In possession of the three estimation methods we can build up the CAC procedure. First the traditional Chemoff bound
is used. If CLP <e”’ then the call can be accepted and the prgced_tn;e finishes else the Bahadur-Rao correction factor is
calculated at s~ determined by the Chernoff bound. If CLP <_e"’ then the call can be accepted and the procedure finishes
else starting from s~ a linear search is performed to find s* by means of A(s) according to the theoretical background
described earlier. If CLP < ¢™' then the cal) can be accepted and the procedure finishes else the call must be rejected. The
advantage of this three-step procedure lies in the fact that on the one hand in most cases it is enough to perform only the

first one or two steps with insignificant calculation complexity to accept a new call and on the other hand step 3 provides

very accurate estimation for those cases when after the first two steps we are not able to decide.
5, Simulation results
Because of the restricted size of the paper we picked up one of the simulation results to demonstrate the capabilities of

the new bound. We applied the well known geometrical interpretation of CAC which was used e.g. by Bui. As a measure of

performance we used the Gain Ratio which is defined in the following manner.

ACPyneq = number of accepted traffic states by method and the GAIN of a pgiven method as

GAIN pnoa'= ACFpenaa = ACF and GAIN Ratio::—gfl%lg"— . In the simulations the capabilities of the original
B-R

Chemoff bound (Ch), the Bahadur-Rao bound (B-R) and the new method with Joint optimisation (Go) were compared as a

function of the link capacity. The QoS parameter exp(-y) was set up to 107, We picked the well-known ON/OFF model and

the test scenarios are shown on Table 1. As can be seen

L —a- Scanario 1 ~a~ Scenario 3 ]
Gain Ratia -
in Figure 2. the ratio of the G4/N of Go is about 1.3-1.5 |5

times greater than that of B-R.

type type i W_—_.__
(peak/averape) (peak/average) 0.9 1M
Scenario 1 Phone Videophone 0.8 —
64 kbps/32 kbps | 384kbps/128kbps | 07 I = + : —
cenario 3 | Videoconference ¢Data’ 5.0 15 2 25 30 as
768kbps/384kbps | 4Mbps/1Mbps fink capacity In Mbit/s
~ Table 1 Test scenarios ) Figure 2..Comparison of B-R and Go in Scenario ! and 3
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Abstract

i r describes how the E-FMMRA point-to-point congestion control a]gopthm can be applied to
AB‘ER'h;o‘i’:t?:o-muhipoint connections in ATM nctw’orks. The performance evaluations of u:;s ws_)!/;tm ta:;ef
carried out using five different consolidation techniques gnd the results has bec‘n compare:f > ;:solidaﬁon
another congestion control algorithm namely ERICA. It is found that for certain types c:j consolidation
techniques when applying with the E-FMMRA, its performance can be subs_tapnally improve lm 0 psmt "
1o the ERICA. This indicates that different types of congestion oonn'ol-algthm's may n:z a w;y§ ?‘vidua]
the same level of performance, and it is important to carry out 2 separate investigation 1or each indi
congestion control algorithm.

1. Introduction

Recent emerging point-to-multipoint applications such as data distribution, t'elc-confcr?nfcini gr;{i e:i;n}:at\:-
i k system designs. Congestion control 1or point-
created a new networking challenge to ATM networ ) for ABR poinio-
ipoi stions i blems that need to be addressed. Previous work on this probie
multipoint connections 1s one of the key probler i fov on this problem
isti i -poi trol algorithms can be applied to pown P
has shown that existing point-to-point congestion con : to-multipoint
i is i 4 matter, because there exists a large amoun
environments. However, this is not a straightforwar A ; T O e o
i i i ly sent back to the source. This problem is
information from all the member branches continuous e sour A
i i roblem. To solve this problem, each .branc point is requi lic
::::g:tc:t i:?;’x}r:s:g:npso that the amount of feedback information to the sourcfc node is keﬁt t(?da r;cnng?:;::c;
| itis dback information shou
i . At present, it is not fully clear how the fee .
i‘gf\{l:;‘\a;\cl:v;l{oweve}:, a2 number of useful algorithms have been proposed, see [_1-4] for examples. A brief
overview on 'some important types of consolidation algorithms‘ is shown as fg]logvmg. e fastest
Robert (1] first proposed 2 consolidation algorithm, which has an objective of ac‘hncvmgh o fastest
transient response. The basic idea of this algorithm is that each branch point consolidates t 3 R;e pack
i;ﬂfonnatior; on a per-VC basis and passes it on to its upstmamFRM (lr:\ode thdro;g:‘):ri}(hh:m(]}::::::tr) cc“sow i
int have received a orward Re: 3 .
Management) cell after the branch point . urce Managerment) i the
i i i tion may not reflect the actual cong
this technique, consolidated feedback informa onal congestion vt o RM eel
branches may have not yet arrived at the tim 1
branches, because the feedback from some branc| ; e e e e
i Thi i Jidation noise. To reduce such consolidation .
is sent. This could cause undesired conso O s at loass ont
i i ensuring that the feedback to the upstream noce 1S y : :
?RF::‘:;?I t}}ll;: ;Lgezn:on;il?zd from agdowns\rem branch before receiving a FRM cell. This algc?n:\rtn 1; ;t:l;
to reduce the level of consolidation noise. Ren {3] argt;edht_ha; gsctneian:i;ghmm’ athBeRf{;fsfaBu}S:;[ S(‘;Velltlcrecoe ivlc sher
i alternative algorithms. In his first algo , : i y
compt};myloa\r!‘\t sp;?xpr:::‘}i:v : FRM cell has %een received. Note that all the three a_lgonthms desc:lp,bgd :0 Sla.;
Z:i:: c‘c)s:solidation noise. For the second algorithm of Ren, he p{e;cnte;:}"anlalg%l\:nhml ,:h&ti:a:;gz :-?d:,: eca he
idati i irely. algorithm is referred to as “wait-for-all” algorithm. 1n s
cmsolllldm}(’: v[v‘:ilts: f:)r:'ng}gd-lltls fgrom all the branches to arrive, before a BRM.ce]I is sent to thc; s::;rce);
bre;;c poxtr;l roblem of consolidation noise is completely removed, the waifing time f(?r alLd'e1 ::tc
Al ougl3 - be long, causing very slow transient response. Fahmy [4] prpposcd an immediate
mform&?lon ‘l:ﬂn ithm to improve the transient response of the wait—for—a!l algomh;:m In this a‘lgonﬁ!\)m, arl'\l
e gt”inn l’rrrllech’;s,nism is added to the wait-for-all algorithm. This mecl?an\sm allov_VS each branc!
ov? tload detef: ;ediately to any rapid change of overload condition, thu_s enhancing the transient rclS_P,O“;‘:‘
P tc;react Ig if not all studies pay their attention o 2 single algonthm namcly_ ERICA (Exphut:}x: :h:
So far, ;“:’C ngestion Avoidance) [S] as the underlying congestion control. It is not clear w ; er e
]nd}cl;n;rgmoihe:e sgmdies will be applicable to other congestion control algorithms. Therefore, in this pap
result; L



we present a study of another type of congestion control algorithm, known as E-FMMRA (Enhance-Fast
Max-Min Rate Allocation) for point-to-multipoint ABR connections using five different consolidation
. algorjthms,

II. The E-FMMRA for point-to-multipoint connection

The E-FMMRA [6-8] is a congestion control far ABR point-to-point connections. Each switch calculates
an appropriate ER (explicit rate) to provide Max-Min fajmess and passes it back to every corresponding
source. At any given link in the network, connections that are competing for the bandwidth can be grouped
into two categories:

O Bottlenecked connections: these connections are unable to achieve the fair rate determined by the switch
because of their limitation of peak cell rate or rate allocated by other switches.

O Non-Bottlenecked connections: these connections can fully use the bandwidth allocated by the switch,

The key mechanism of E-FMMRA is that when some connections are unable to use their share of
bandwidth, the remaining and unused bandwidth will be made available to other connections that need more.
To achieve this, two variables B and A are required for keeping the bottlenecked status and the bottlenecked
bandwidth respectively of each connection. Based on the information, the switch will be able to assign a
proper amount of bandwidth for cach connection. Note: that this specific mechanism is not found in the
ERICA algorithm,

To apply the E-FMMRA algorithm, which is a point-to-paint congestion control, to a point-to-multipoint
environment, two issues must be addressed. The first issue is associated with the E-FMMRA directly. A
slight modification to the variable structure is needed. The number of variables, 8 and A, have to be increased
from storing in a per-VC basis to storing in a per-VC and per-branch basis. For the second issue, a suitable
type of consolidation algorithm has to be selected. In this paper, all the existing consolidation algorithms
described above are taken for this investigation.

I, Simulation Results
A. Parameter Senting

In the simulation, the following parameter values are used

O All links have & bandwidth of 150 Mbps.

O All sources have PCR = 150 Mbps, RIF = 1, RDF = 0.125, Nrm = 32, ICR = 150 Mbps.

O 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 RM cells. The same assumption applies for the point-to-point connection.

O The sources are persistent; /.e. there is always data to send.

O The ERICA congestion control algorithm has a target vtilization of 90% and the switch measurement
interval set to a minimum of the time to receive 100 cells within I msec for both ERICA and E-FMMRA.

B Network Model

A chain configuration as shown in Figure 1 is used to illustrate the problems of consolidation noise and
transient response. Figures 2 and 3 show the ACR changes of source A and B when using ERICA and E-
FMMRA switches respectively. As shown in Figure 2, ERICA suffers from consolidation noise when it is
used with Robert’s, Tzeng's and Ren’s consolidation algorithms. This is because during the transient period
ERICA will gradually adjust the rate of source B to its fairshare and store it in the MaxAllocCurrent register
and uses it as MaxAllocPreviouse th next interval. The branch point at SW3, see Figure 1, uses this value to
calculate ER and slightly increases the ACR of source A. Therefore, source A will generate more FRM cells
and the number of FRM cells received at the branch point will increase, requiring the branch point to send
BRM cells back to the source more frequently. This temporlarily shortens the feedback interval period and
causes the incomplete feedback information. When the incomplete feedback information is passed on to the
source, the ACR at source A will begin to oscillate. This first ACR oscillation continually affects to the next
ACR oscillation. In the contrary, the wait-for-all algorithm can completely eliminate consolidation noise, but
it suffers from very slow transient response. The immediate rate caiculation a|gorithm gives the best
performance for ERICA with no consolidation noise and fast transient response. )

FEURI TR

In FMMRA as shown in Figure 3, Robert’s and Tzeng's algoriFhms act no consolida}ion _noise while
praviding fast transient response. This is because E-FMMRA can adjust the source rate to lts_fmrsharc very
fast and & decrease in ACR of source B does not affect ACR of source A. So the first oscillation 9f ACR of
source A will not occur and thus no subsequent oscillation of ACR can take place. For Ren’s nl'go.mhm, there
still remains some consolidation noise, although it is not as much as in the case of ERICA. This is due to the
mechanism of passing back the first BRM cell received to the source after haV{ng received a FRM cell. .Th.c
wait-for-all and immediate rate calculation algorithms have the same results as in the case of ERICA. _Thxs is
because the main objective of these algorithms js eliminating consolidation noise, thus no difference in their
performance is observed. .

.Som:A .Swrua

}-—so km~—+———-500 km ( 2500 km i .okm—-1

Figure 1: Network Model

1V. Conclusion

is paper has shown that the E-FMMRA congestion control algorithm can be applied to a point-to-
mu;g:osin,: XBR service in ATM networks, It is found that t:he E—I:'MMRA n!gonthm can }\elp to rcc!ucc
consolidation noise when used with some consolidation algorithms in ABR pomt-}o—multfpo,mt connections
in comparison to the ERICA counterpart. The E-FMMRA algorithm can wo.rk sansfactonly well with three
consolidation algorithms, i.e. Robert's, Tzeng's and immediate rate calculation, while the ERICA performs

well only with the immediate rate calculation algorithm.
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Summary models  (and their  associated estirnation .

. . . procedures)  to certain  traffic scenarios.
Cell loss is an important measurée of Quality of Specifically, here we make an exhaustive study of
Service (QoS) in ATM networks. Cell loss the 2-MMPP process and two of its associated
performance of ATM elements handling bursty fitting procedures, analysing their suitability in

- sources must be evaluated in order to provide approximating varjous types of arriving flows. In
™ b guaranteed QoS to users and to dimension network particular, we have considered 3-MMPP, 5.
" . resources correctly. . MMDP, PP, IDP, On-Off sources with hyper-
17 i, In this paper, we make a comparative study of exponential On and Off period distributions, which
5= i two fitting algorithms for 2-MMPP ATM tr affic are more general than exponential On-Off sources
® g% o models, both based on cell interarrival times: one but are still quite tractable, and Self-similar traffic
« ® fits  the cumulative  distribution and auto- models. )
» : covariance functions and the other fits the firsi The rest of the paper is structured as follows: in
e three moments and auto-covariance funcﬁon: The section 2, we briefly summarise various commonly
i - N L 2-MMPP is then evaluated as an approximation 1o used point process superposition approximations
d) wait-for-all ¢) Immedi A 3.MMPP, 5-MMPP, IPP, IDP, Hyper-Exponential based on the 2-MMPP process; in section 3, an
mediate rate calculate { Oon-Qff and Self-Similar traffic s?xrces.l 1The outline of the methodology foltowed for this study
Figure 2: Aliowed Ce ; usefulness of both fitting procedures for cell loss js-provided and in section 4 the main results are
11 Rate at source using ERICA prediction s evaluated and comparéd. The presented. Finally, in section 5, we will draw some
proposed  algorithms  can be used in the conclusions and foresee the most relevant future
w o = s b characterisation of ATM traffic streams and in 123Ks.
. wl = iabms connection admission control procedures.
I ™ i i ol U : 2, 2-MMPP fitting procedures
- R = ] 1. Intreduction In order to characterise the input stream 3t an
‘: g""' i:" l Efficient operation of ATM networks and ATM multiplexer, two main approaches were
e § % [ ; provision of gua'ramccd Quality of Service (QoS) suggested i the literature: point process and fluid
. © § - - for many services to be SUPPQ“Cd in such flow approximations. We will focus om nom-
w «f " networks will require proper modelling and control renewal poiﬂ( process approxjmaﬁons based on the
. ® " of ATM traffic. Cell loss performance of ATM MMPP process, since such approximations have
Wow m R W 8 _ elements, which is one of . the fundamental been shown to capture both the cell scale and burst
o - TR measures of QoS, must be evaluated in order to ot
a) Robert k 4 AL00; scale characteristics of traffic [?]. A gumbcr gf
b) Tzeng provide guatanteed performance Jevels to users approaches have been proposed in the literature 1n
and to dimension network elements correctly. which the superiroposed stream is modelled by a
On-Off models have been commonly used for 2.MMPP. These approaches differ in the choice of
representing bussty sources. Particulatly, the PP the traffic characteristics used 10 match the 2-
. model has been found to adequately represent the MMPP parametess and can be divided in two
| — Besl w == P‘?:‘&“e pehaviour of voice sources and it has been oups: methods based on cell counting statistics
- wif = proposed as a model for other ‘u"‘fﬁ“ types, ({2}, 3] and [4]) and methods based on inter-
L™ ¢ el including video, data and rultimedia traffic. The arrival time statistics (1, [5] and (6])-
§~ ¥ MMPP mode], with a variable number of states, is Assuming interval-stationary 2.MMPP -
§" ta a non-renewal model that has also been widely processes, where X, represents the interarrival time
'° § wl used for modelling ATM waffic. Yowever, between the i and (+1)" cells, the distribution of
= w findings in a numbet of pack.et-based network the interarrival time X is a second order
® » scenarios suggest that traffic in such networks hyperexponential distribution  (Hp  with
S U QM ; presents a certain degree pf self-similarity. complementary CDF:
. e s R I ¥ The proliferation of different traffic models and F.(c)=ge™ + (L-qk™. 0<g<l M

their application in vVarious (and sometimes quite
analogous) scenarios have motivated us to study k e >
the conditions of applicability for different traffic f(")'—‘ qu,e +(1—q)l;€ o p<g<l. (2)

d) wait-for-all ¢) Immediate rate calcu and density function given by
Jate

Figure 3: Allowed Cell Rate at source using E-FMMRA
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Abstract
This paper proposes an Early Packet Discard (EPD)
.dlgorithm  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
retwork 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 fairness can be
ised with various algorithms such as EPD with per-VC
accounting  techniques. We propose an improved EPD
“ilgorithm using a Dynamic Threshold technique. With our
lechnique it can achieve better fairness and throughput
mong multiple TCP connections. Simulation results of EPD
" sing Dynamic Threshold technique are presented to
llustrate the significant improvement performance of TCP in
erm of fairness and throughput compared with existing
" farly Packet Discard over UBR service in ATM networks.

| Introduction
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 f1]. The UBR service can use any available
bandwidth and is not sensitive to cell loss or delay. During
tongestion 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
kedback control. Then the higher layer protoco! should be
" wmployed to control the traffic in UBR service. Since
ransmission control protocol {TCP) is perhaps the most
widely used transport layer protocol in the existing data
networks, the performance of TCP in ATM network is a
major interest to ATM equipment vendors and service
moviders. The UBR service can not provide good
~ performance of TCP because it does not have congestion
wontrol and reliability. Accordingly, Romanow [2] had
.moposed EPD algorithm for UBR service in which the
froughput performance was improved but the fairness was
wt. To improve the fairness various algorithms such as EPD
iith per-VC accounting [3] or fair buffer allocation schemes
] can be applied. However, in some cases EPD with per-
I€ accounting can not achieve good throughput [5]. In this
wper, we propose a new algorithm that can improve both
himess and throughput performance simultaneously.
In the following section, we shall discuss the ideas
f the Early Packet Discard (EPD) algorithm. The
mprovement of EPD with Dynamic Threshold 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 aigorithm 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 cauld 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 received packets that are over the
threshold are still accepted if there is a buffer space
availablie. _

The EPD algorithm used in our study is shown in
Table 1. Table 1 demonstrates the efficiency and fairness for
the EPD algorithm. Throughput can be improved with the
EPD algorithm but it can not provide fairness. 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

allocation. 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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witch: The third threshold denotes as fair share threshold,
thich aims to guarantee faimess among all sessions. When
ie total demand exceeds the available bandwidth, the
“'andwidth is divided equally among the competing VC’s,
at is,

‘Highthreshold
B ey

Th is the fair share of VC connections. Let K is the number
fVC’s competing for total available bandwidth. Also, let Xi
sthe queue length of VCi. Total queue length {Q) is equal to
_he summary of the queue Jength of every VC’s connection.

Th =

0= X, | @

i=1

.\mong the established TCP connections, some may be idle,

nd some TCP connections may be active but they use less -

andwidth than that being allocated. Then,

szXi +ZX,' ; L5

i>Th i<th

apression X; <Th implies that the session uses more

" andwidth than the fair share. Whereas X >Th implies that

le session is idle. Some VCs may be idie causing left
andwidth in the switch. Therefore this bandwidth is shared
o the session with more data. Equation (3) can now be
npressed as

High threshold — Z X;

Th = i<th e))
KX,->E ‘

, The Dynamic Threshold, Th in equation (4) is used,
then the queue length is between High threshold with Low

hreshold and Q; is more than the fair share.

| Simulation model and parameters
In this section, we describe the simulation
avironment that used TCP over UBR service in ATM
- etworks. We simulate two different parameter sets with the
ktwork models shown in Fig 1 and Fig 2. In network model
Iscenario, there are tiwo ATM switches, 10 sources and each
ink has a delay of 2us. For the first simulation set, all
* ources are persistent. The results are shown in Tables | and
Lin the other set of simulation, there are 5 bursty sources
0. 1-5) having IMB data to transmit and 5 persistent
nrces (no. 6-10). In this paper, we assume that the buffer in
{TM switches is 2000 ceils, Low threshold of EPD with
knamic Threshold technique is fixed at 1000 cells, TCP
indow size is 64 KB, minimum time out is 100 ms and
wket size of TCP is 8 KB. In network model 2, there are six
{TM switches, 10 sources and each link has a delay of 2us.

Table 5 shows simulation results for all persistent sources
and Table 6 presents simulation results for bursty sources
{no. 1-3) and persistent sources (no. 4-10).

5. Simulation resulfs and analysis

Table | shows the faimess 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 cells

- 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. [t 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 1800-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 fairness -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. It 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 delay. 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 fairness 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
fairness 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 efficienc¢y and fairness of EPD with -
Dynamic Threshold is higher than EPD algorithm by
approximately 10% and 3% respectively.




> SWITCH )

Figl Network model 1

SWITCH 2 ¢

-

Table 1 Fairness of Network model | for persistent sources.

Threshold (celis) 1900 (95%)| 1800 (90%)[ 1700 (85%)] 1600 (80%)| 1400 (70%)| 1200 (60%)| 1000 (50%)

EPD algorithm 0.9436 0.9326 0.9354 [ 0.8682 0.9576 0.9797 0.9461

EPD with Dynamic Threshold 0.9917 0.9673 0.9869 0.9615 0.9844 0.982 -
Table 2 Efficiency of Network model 1 for persistent sources.

Threshold (cells) 1900 (95%)| 1800 (30%)| 1700 (85%)} 1600 (80%){ 1400 (70%)[ 1200 (60%)[ 1060 (S0%)_

EPD algorithm 83.59 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 £0.63 -

Table 3 Fairness of Network model | 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 09609 | 09858 | 09666 | 09158 | 09533 | 0.8766 0.93
EPD with Dynamic Threshold] 0.9975 | 09929 | 09906 | 09955 | 09898 | 09525 -

Table 4 Efficiency of Network model 1 in case of using both persistent and bursty sources.

Thréshold {cells) 1900 (95%])] 1800 (50%)| 1700 (85%)| 1600 {80%)] 1400 (70%){ 1200 (60%6)| 1000 (50%)
EPD algorithm 76.06 80.62 82.46 74.44 75.33 55.2 48.83
EPD with Dynamie Threshold| ~ 9i.35 90.75 90.03 83.55 78.2 63.32 -
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Fig. 2 Network model 2
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. Table 5 Simulation results of Network model 2 for persistent sources.

Algorithm

Early Packet Discard (EPD)

EPD with Dynamic Threshold

Received packet (packet)
Fairness index

Efficiency (%)

9321
0.9745
87.80

10091 -
0.9951
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 0.9923
Efficiency (%) 82.i2 92.04
EPO Algosthm EPO wming Dynarcic Trreshold
1200 1200
1000 ; m /_A%f 1000 ;:
— “saaced o = e
§oent!— ] ¥ =
%m:: — - L it §_n:: -
S i BV Gl a2 ot e
200 "/ ~ ”" t 5 o r
R ! (-, e
oﬂ (X3 1.5 ? 25 3 s L3 48 cﬂ o35 1 s 2 13 ¥ s . €3 S
Tienea (5] Trve (53
(@) (b)

Fig 3 Received packet of persistent sources in network model 2

6. Conclusion

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

The simuiation has shown that EPD with Dynamic
Threshold achieves better efficiency and faimess than the
wnventional one in both cases, ie. using ail persistent
“wurces and using combination of persistent and bursty
“wurces. The proposed algorithm can fulfill in the manner of
* himess because it controls buffer occupancy by counting
wlls in switches and discarding cells that belong to high
< wtivity sources. In addition, the better throughput can be
» whieved because the proposed algorithm shares bandwidth
" mong active sources only
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Abstract :

Credit based flow control is a hop by hop flow
tontro! 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 complexity 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 I 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.

I, 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
sandardized 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
-ietwork with TCP applications that have often to retransmit

data when the TCP window size is larger than the switch
buffer.

LComplexity issue of credit-based

As mentioned above credit based flow control is a
bop by hop flow control. Switch buffer is the main
prameter for credit computation. In addition, the scheme
das to compute and maintain used buffer in a per VC
~ manner. The switch sends feedback information to inform
nurces regarding the network congestion via credit cells.
The credit cells carry a value of total buffer space available
_#'the downstream swiich. If the feedback buffer space is
‘mall or the upstream node cannot receive credit cells, it
neans that there is congestion in the network. The model of

nedit based flow control is shown in Figure 1.
' Host 1 establishes a connection to Host 2 through
witch 1 and also has another connection to Host 3 through
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switch 1 and switch 2. From the Figure, there are two
control loops between Host 1 and switch 1 as the effect from
the number of traversing connections .

o)

- mer

switch 2

switch 1

® VC Buffer

Hout 1 Tt

Host 2

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. '

Crd_Bat = Bul_Altoc-(Tx_Cnt-Fwd_Cat)

! .
Sender ! receiver
t
: Crg_Bat -GNt cas 10 VG (o 1 cee
' '
!
| } (Data) . > —
Ts_Cot : Fd Cne
........... L...(Credit)...--+-*7"
: i
: ¢
: t N~
M i Buft_Allos
H i
. '
v !
t
1

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 totai switch buffer (Buf alloc)

minus the amount of switch buffer (Tx_Cnt-Fwd Cnt) 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 fime 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
no permission to send any data cell. '

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 ceil 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 ceil and
the current credit ceil.

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, 5 and 8. Network model 1
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shown in Figure 3 is one hop network model. There are 5
sources sending data all the time to the bottleneck switch.
Network - model 2 shown in Figure 5 is also a ene 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 bottleneck sources.

4.1 One hop network model

Source 1 Destnation 1

Source 2 Destnation 2

=

150 Mbps

Source 3 Switch 1 Swieh 2 Destnaton 3

Source 4

Destnatoa 4

Source 5 Destination &

Figure 3. Network Model 1

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 1 respectively. .

Quaus length in switch T

- mnm%m schemd

450
400

%300

v 250

-

05 15

Time (s)

Figure 4. Queue length of switch 1

Table 1 receive cells at Destination

ve ve1|vc2|ves|vca]| ves
N23 99995 | 99996 | 99995 | 99994 | 99995 |
‘Common Buffer| 99995 | 99994 | 99995 | 99997 | 99996

From network modei I, there is no significant
difference between N23 scheme and common buffer scheme
either switch queue length or amount of received cells
because in this model there is no difference between any
VCs in the switch. There is no difference on the distance
between the sources and the switch and data sending on any
VC.

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



4.2 One hop network model with on-off sources

Source 1

ce 2 150 Mops
.
-

Sourcetd 1.6 hm

Swaich 1

Soutcets

Figure 5. Network mode! 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. :

25)(.,0‘ Data receive of source 1
= RN Rer
2
& 15 T
8 <
s %
o 1 s
05 o
ol
(7 ) 05 1 s
Time (s)
Figure 6. Data receive of source |
Queus longth in swatch 1
500~ .
aso} ; = AR Rer scheme
400}
asof

aazdls £ 2 TN

Tims (s)

Figure 7. Queue length of switch 1

Table 2 receive cells at destination

Ve Vet vc2 | vc3 VC 4 VC 5

N23 20355 | 18839 | 13568 | 19600 | 24852
|common Buffer] 18226 | 18382 | 17605 | 18005 | 19705
Ve - vee | vc7 | ves | oves | vcio

N23 18938 | 22861 | 15914 | 15080 | 15809
Common Buffer] 18326 | 18473 | 18731 | 20156 | 18279
ve - | vc1r | vciz | vc13 | vcia | vers

N23 19904 | 21467 | 11713 | 23741 | 10388
Commaon Buffer; 18149 18445 18194 17872 17885

For W23 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 to
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 iength 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 cell
of N23 scheme is 273,919 cells. Hence, the throughput of
common buffer scheme is more than N23 scheme about 1.28
percent in this scenario. In addition, the fairness value of
N23 scheme is 0.951 but in commen buffer scheme is 0.998.
Hence, the proposed common buffer scheme is able 1o
improve the fairness among all sessions as well.

Destinauon 1

4.3 One hop network model with some source bottleneck
150 Mbp=

Sowce t
Source 2 &
s Switch 1 Swiich 2 .
Sowce Y ? Shan esimanon &
Source 0 a StueatGn 10

Figure 8. Network model 3

Destnanon 2

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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2500
2000 K
I
8
H
a 1000
500
06 Q.5 1 15
Tume (s)
Figure 9. Queue length of switch |
Table 3 receive cells at destination
vC vC 1 vC 2 vC3 . vC 4 vC5
N23 32997 32999 33001 . 33002 32995
; Common Buffer| 33003 33001 32999 32999 32998
- VC vC 6 vC7 vCa8s vC 9 VvC 10
N23 | 67001 67002 66999 66998 66995
Common Buffer| 66399 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 recelved cells in Tab!e 3, there is
no significant difference between the 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 ! although there are bottleneck sources in
VC 1-5. The bottleneck sources always 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 ceils.

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
to 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 medels that there is no
difference between any VCs, the performance of common
buffer scheme is the same as N23 scheme but the common
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buffer scheme is still more efficient in term of complexity.
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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~ The main problem of point-to-multipoint ABR service
fh ATM network is how to  consolidate feedback
nformation from BRM cells to avoid consolidation noise
while providing fast transient response. In previous
sudies, no known ' consolidation algorithm is able to
Lachieve both requirements simultaneously. Some
halporithms provide very fast transient response, but they
Fsuffer seriously from the problem of consolidation noise.
'Whereas the others can eliminate consolidation noise, but
tunder certain traffic conditions. they react rather slowly to
traffic changes. In this paper, we present a complete
solution to this problem. The key of this algorithm lies in
Fiie way in which feedback information is stored at each
fswitch, 7 e. information is kept on a per-branch basis for
feach VC. The results show that this new consolidation
{dgorithm completely remove consolidation noise and

provides very fast transient response in both overload and

wderload conditions. However, the proposed algorithm
ladds more complexity to the switches, due to extra
I variables being needed.

L. Intreduction

[ The point-to-multipoint ABR (Available Bit Rate)
service in ATM networks 1s currently considered
"important for supporting many emerging applications,
ssch as data broadcasting over subscribed members.
i 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 into backward
resource management (BRM) cells by a destination. Along
the way back to the source, each switch adjusts explicit
t 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 2 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 muiticast 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
amount of feedback information in the system. The main
challenge of this problem is how to consolidate BRM cells
in such a way that the transient response of each traffic
source can be fast while avoiding undesired consolidation
noise [4]. So far, a number of consolidation algorithms
have been proposed {1-4]. However these algorithms still

0-7803-5739-6/99/$10.00 1999 1EEE.
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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 ratio of BRM cells to -
FRM cells close to 1. The details of this algorithm will 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 te its upstream node through
a BRM cell after the branch point 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 consolidation noise. For his second algorithm,
Ren presented the algorithm that can eliminate 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 corisolidation noise is completely removed, the
waiting time for all feedback information may be long,.
causing very slow transient response.

-

Rf:cently, an improved algorithm to these two
techniques is found in [4]. The paper introduced a fast
overload indication function to the “wait-for-all”
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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 algerithm is unable to respond
to the underload condition where the source node is
entitled to increase its rate.

3. New Consolldatlon 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 1. The
pseudo code of this algorithm can be shown as follows:

Upon the receipt of a forward RM{ER,CINI) cell :
Mudticast this RM cell to all participating branches;
Let ER = min{MER, ), CI = or(MCI, ) and NI = or(MNI, }
Sor all participating branches;
Let ER = min (ER, ER calculated by congestion control
scheme for all branches)
Send this RM cell back 1o the source;
Upon the receipt of a backward RM(ER,CI N1) Cell from branch i:
Let MER, =ER, MCI; = CI, MNI; = NI;
Discard the BRM Cell

4. Performance Analysis

A. Parameter Setting

In the simulation, the following parameter values are
used

All links have a bandwidth of 150 Mbps.

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

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 RM cells. The same
applies for the point-to-point connection.

The sources are per31stent i.e. there is always data to
send.

All switches are assumed to employ 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 90%
is used in Network Model T and 100% in Network
Model 11

B. Network Model I

Figure 1: Network Model 1

To illustrate the advantages of the new algorithm, its
performance is evaluated and compared with the other 3
algorithms, Robert’s algorithm, “wait-for-all” algorithni
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 network 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 eliminate 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 bemg
needed in the switches. -

C. Network Model I1

Figure 2: Network Model I

Network Model II is a VBR chain configuration as
shown in Figure 2. VBR source C is an ON/OFF 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 heay -
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 afier
returning - BRM  cell: This makes an incomplete

- consolidate feedback information from BRM cell and
leads to consohdatlon noise.

For Wait-for-all algorlth_x_n,_ 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
transient response because network is in overload
condition at the start phase. The overload detected
technique would force branch point to feedback BRM celt
to upstream branch. Like wait-for-all algorithm, Sonia’s
algorithm can eliminate consolidation noise because when
network is not in overload condition the Scnia’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 111

kﬂ—‘& m+tw m-+-|w kn\—+—(m hn—+~\mkm—+—lm\m—4l
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 SWO0. After that ACR at the source A is
: reduced to 35, 30 and 20 respectively according to the
receiving of BRM from SW1, SW2 and SW3. Thus the
“ network can get higher link utilization in transient state

and it reaches the steady state withiz 3 ms. For Somia’s

algorithm, the source rate is constani at ICR value (5

x 10"

.' 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,.

5. 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.

Acknewledgement

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

References .

{1]L. Roberts, “Rate based algorithm for point to
multipoint ABR service,” ATM Forum/94-0772R1,
Nov. 1994,

[21H-Y. Tzeng and K-Y. Siu, “On max-min fair
congestion control for muiticast ABR service in
ATM,” IEEE JSAC, vol 15, no. 3, pp. 545-555, Apr.
1997.

{3]W. Ren, K-Y. Siuy, and H. Suzuki, “On the
performance of congestion control algorithms for
multicast ABR service in ATM,” Proceedings of IEEE
ATM’96, 1996. ' '

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

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

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

{71 T. Jiang, Ellen W. Zegura and M. Ammar, “Improvec .

consolidation algorithm for point-to-multipoint ABR
service.” 0-7803-4874-5/98, IEEE. 1998,

—  Unk!

Utiezetion (%)

i
g 100 20

Tema (maeca}

0
Time (mecs}

Figure 4: Simulation results for Network Model I from Roberts’ algorithm

]
L] Eu 500 0 100 200 3 a 2] L]

- -1389-



unimmmmsmuvmmgnlmn

Tome { maacs )

¢) Sonia’s algorithm

o 100 20 3

0 50
Tima ( meoce )

d) Proposed al gorithxﬁ

Figure 8: Simulation results for Network Model II

-1390 -

| XM X0 W

e 2 k1]
- %D " — oo
w e -
120 e“ ]

fo g" 3

. w £ fa

g su ]

=4] L
D&
© 04
. p:1]
x 02 :
uu 100 0 0 400 &0 800’ un L) ;x; 0 [+ £ 600 no 100 =0 g L] 40 &
Time {mascs) Tima (msecs) Tine [moecs)
Figure 5: Simulation results for Network Model I from the “wait-for-all” algorithm
e - 2 m
6 RS 18 - &l
00
40 16
10} — a0
z d12 3
(1]
: 5
£ % : |
E§ juu H
60 ®
o6
« 04 2
- 2
00‘ 10 0 500 &0 00 Ww v 1] 3w L] 500 2] uﬂ «0 200 m 50 &0
Time (mascs) . Tara (msecs) Tans (meecs)
Figure 6: Simulation results for Network Model I from Sonia’s algorithm
e At
ALCH e St —_ W1
180 AR tor 82 8 - w2
14 ek
14
120¢ >
5 . 1‘;. 2
¥
i i
§® K sua
E:0]
08
or 04 x
Eld 02
nﬂ o =0 am 0 0 (54 DO 1w m 300 0 S00 800 30 1o xm 3 i) €08 a0 s
Tume (mascs) Tine (enaecs} - Teme wm)
Figure 7: Simulation results for Network Model | from the proposed algorithm
1.0 ’ . : -
- ACR # Seurca A ACR & Sowrce A |

180 —— AR Sourca B 160 ——  ACR % Soue B

1] 7] $

120 -le
f o
g e e i

. T Wl o s e

s
& L] i
TR
= » i
ol ! J ! k i J LJ | a | . F | bt -
0 WO 200 300 440 S50 B0 0 S0 W0 W00 [ W0 X0 W0 40 500 603 700 80 500 W ]
Time { meecs ) Tirw { ensece } ;
Pii=
-a) Robert’s algorithm b) Wait-for-all algorithm <l
16 T 180 . T T 2 (AT
~~ ACR t Sourca A ] ACR & Sourco A
150 —— ACR ot Seurce B ‘wl | —— ACR#® Souce B
140 e N e T T RV
3 : 2 Tene (mescs )

@ 20 " d Y :
fo oo Figure 9: Simulation results for
- Tl I . \ ,

g - § : . Network Model 111

= & ]

0 © i

® mj ® L-J



	ปกนอก
	ปกใน
	กิตติกรรมประกาศ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	Executive Summary
	สารบัญ
	บทที่ 1 บทนำ
	บทที่ 2 การควบคุมทราฟฟิกในโครงข่ายเอทีเอ็ม
	บทที่ 3 การส่งข้อมูลประเภท ABR จากหนึ่งจุดสู่หลายจุดในโครงข่ายเอทีเอ็ม
	บทที่ 4 ผลการจำลองแบบและวิเคราะห์
	บทที่ 5 บทสรุปและข้อเสนอแนะ
	เอกสารอ้างอิง
	ภาคผนวก

