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ABSTRACT

Several Multi-rate Multicast Congestion Control (MR-MCC) protocols have been
proposed as engines for Internet multicast transport congest control mechanism. A good MR-MCC
protocol (according to IETF) should use bandwidth less than or equal to Transmission Control
Protocol (TCP) in the same situation since TCP traffic is a major traffic on the Internet. This rule is
called TCP-friendliness. A lot of proposed MR-MCC protocols have claimed themselves as the
TCP-friendly protocols. However, there has no performance evaluation of those TCP-friendly
MR-MCC protocols in serving multimedia traffic so far. Since multimedia traffic has several
different features from TCP-based traffic, there may be some performance penalty when being
TCP-friendly. So, this thesis has proposed to evaluate the TCP-friendliness of MR-MCC in serving
multimedia traffic using network simulation via ns-2. The experimental results have revealed

several aspects, and the TCP-friendliness definition for multimedia traffic may have to be rethought.

Key Words : Multicast; Congestion; TCP-Friendliness
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Audio (MP3) 32 kbit/s MW (AM) quality
96 kbit/s FM quality
128-160 kbit/s Standard Bit rate quality; difference can

sometimes be obvious (e.g. bass quality)

192 kbit/s DAB (Digital Audio Broadcasting)
224-320 kbit/s Near CD Quality
Other audio 800 bit/s minimum necessary for recognizable

speech (using special-purpose FS-1015

speech codec )

8 kbit/s telephone quality (using speech codec)
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A1519 2 (AD)

500-1024 kbit/s lossless audio as used in formats such as

FLAC, WavPack or Monkey's Audio

1411 kbit/s PCM sound format of Compact Disc
Digital Audio
Video (MPEG2) 16 kbit/s videophone quality (minimum necessary

for a consumer-acceptable "talking head"

picture)

128 -320 kbit/s business-oriented videoconferencing
system quality

1 Mbit/s VHS quality

5 Mbit/s DVD quality
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36 Mbit/s HD DVD quality

54 Mbit/s Blue-ray Disc quality
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I =1+C
until B, < PP, do
drop layer n
n:=n-1
elseif PP >= B, and T.< t, then
B, = minT;C<tl<=PP,
T =t +C
if B, >= B, then while B, ,, < B, do
add layer n+1
n=n+l
13005 110081991870
If (estimated bandwidth < subscribed bandwidth) then
Drop layers until (subscribed bandwidth < estimated bandwidth)
If layer dropped is the lowest then
EXIT the session
End If
Else If (estimated bandwidth >= subscribed bandwidth)
Subscribe more layers

While (subscribed bandwidth < estimated bandwidth)

End If

2 g d o y o o 4
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driven Layered Multicast (RLM) [21], Receiver-driven Layered congestion Control (RLC) [22],
Fair Layer Increase Decrease with Dynamic Layering (FLID-DL) [23], Packet-pair receiver-driven

cumulative Layered Multicast (PLM) [20], Explicit Rate Adjustment (ERA) [2] and MeERA [4]
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Criteria Analytical Modeling | Simulation Measurement
Time Consumption Low Medium High
Cost Low Medium High
Accuracy Low Medium Various
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End If
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J

1. M3Aadal)sunsu Network Simulator 33 2.30 uMszUVUHUAMIAYNA
@ o a o A . . . < ¢
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http://www.isi.edu/nsnam/dist/ns-allinone-2.30.tar.gz
o J . o
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Y Y
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2. m3AadalwsInAea MeERA

1. faaen' Mg pim.tel, plmens.tel, plm-topo.tel i @91 Aia1 Tns Tnaea MeERA
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2. 113 recompile NS2 Tl ﬁ")ﬂﬁﬁ% Jinstall

3. %115 validate NS2 lviai @2efda validate
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Y Y
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3. MeERA Script
3.1 plm.tcl

Class PLM

PLM instproc init {levels rai n_id} {
$self next
$self instvar PP_estimate R pp R_tcp
$self instvar time_estimate check estimate node id
$self instvar hh_npkts hh_nloss
set PP_estimate {}
set R _pp -1
set R tep -1
set hh_npkts 0
set hh_nloss 0
set time_estimate 0
set check estimate $rai
set node id $n_id
$self instvar debug_ env_ maxlevel
set debug_ 2
setenv_ [lindex [split [$self info class] /] 1]
set maxlevel _$levels
global plm_debug_flag
if [info exists plm_debug_flag] {
set debug_ $plm_debug_flag }
$self instvar subscription
# we number the subscription level starting at 1.
# level 0 means no groups are subscribed to.

$self instvar layer layers_

0
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setil
while { $i <= $maxlevel } {
set layer (8$i) [$self create-layer [expr $i - 1]]
lappend layers_ $layer ($i)
incri}
set subscription_ 0
$self add-layer }
PLM instproc make_estimate {PP_value} {
$self instvar PP_estimate R _pp ns_ time_estimate
$self instvar check estimate debug

global PP_estimation_length mRTT packetSize nukDebug

global k m

#

$self instvar R_tcp hh_npkts hh_nloss

#Add PP_value to the list of single PP estimates PP_estimate

lappend PP_estimate $PP_value

#Drop layer(s) if the PP_value is lower than the current subscription level

$self stability-drop $PP_value

#time_estimate is the minimum period of time during which we collect PP_value

#to make the global estimate PP_estimate value

set ns_time [$ns_now]

# if it is the first time PP_arrived, wait till RAI

if {$time_estimate==0} {set time_estimate [expr $ns_time + $check estimate] }

if {$debug_>=3} {trace annotate "[$self node]: check: $check estimate $PP_estimate , nb:
[llength $PP_estimate]" }

# For every RAI, do Rate Adaptation Process

if {$time estimate <= $ns_time} {

if {$nukDebug >= 1} {
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puts stderr "* IN make_estimate: every RAI, rate adaptation process:"

puts stderr " Time Estimate=$time_estimate Now=$ns_time " }

# Find Rpp
# By PP bunch concept, need PP at least PP_estimation_length to find Rpp
if {([llength $PP_estimate] >= $PP_estimation_length)} {
set R_pp [lindex [lsort -real $PP_estimate] 0]
if {$debug_>=3} {trace annotate "[$self node]: check: $check estimate PP estim:
$PP_estimate, value: $R_pp" }
if {$nukDebug >= 1} { puts stderr "* IN make_estimate: Rpp is min of R'pp:"
puts stderr " List of R'pp = [set PP_estimate]"
# 72 [set properties] vs. $properties
puts stderr " Rpp=$R_pp" }
if {$debug >=2} {trace annotate [expr round($R_pp)] }
set PP_estimate {}
} else { # if not enough PP to calculate Rpp
if {$nukDebug >= 1} {
puts stderr "* IN make_estimate: Not enough PP for calculate Rpp"
puts stderr " PP_estimation_length=$PP_estimation_length"}
set R pp -1

set PP_estimate {} }

# Calculate Rtep
###7? need more than 10 packets received to calculate R_tcp

###7? puts stderr "*mPkt* nPkts = $npkts, Rtcp need 10 pkt to calculate"
puts stderr " hh_npkts=$hh_npkts"

puts stderr " hh_nloss=$hh_nloss"

set npkts [expr [$self plm_pkts] - $hh_npkts]

set nloss [expr [$self plm_loss] - $hh_nloss]

puts stderr " npkts=$npkts"

puts stderr " nloss=$nloss"
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set loss [expr double($nloss) / ($nloss + $npkts)]
# keep the history
set hh_npkts $npkts
set hh_nloss $nloss
# 7?7 keep hhloss and use weight.
if {$nukDebug >= 1} { puts stderr "* IN make_estimate: Calculate Rtcp"
puts stderr"  PLR=$loss" }
if { $loss>0} {
# Eq. 1 draft-ietf-rmt-bb-tfmcc-01
set tfm [expr ($packetSize*8) / (SmRTT * ((sqrt(2*$loss/3)) + (12*sqrt(3*$loss/8) * $loss *
(1+32*$loss*$loss))))]
if {$nukDebug >= 1} {
# Mahadavi Equation, mentioned in Eq. 1 [TBP97]
set tbp [expr ($packetSize*8*1.22) / ($mRTT * sqrt($loss))]
puts stderr " Rtcp of Mahadavi=$tbp"
puts stderr " Rtcp of TFRMCC = $tfim"}
set R_tcp $tfim

}else { setR tcp -1}

# Rate adjustment using Rpp and Rtcp
#S$self choose _layer [LogRD $k $m $R_pp "multicast"]
#puts stderr "testing"
if {(SR_pp ==-1) && ($R_tcp == -1)} {
if {$nukDebug >= 1} { puts stderr "No Rate Adaptation as both Rtcp and Rpp =-1" }
} elseif {(SR_pp !=-1) && ($R_tcp ==-1)} { $self choose layer SR _pp
#$self choose _layer [LogRD $k $m $R_pp "multicast"]
} elseif {(SR_pp == -1) && (SR tcp !=-1)} {$self choose layer $R_tcp
} elseif {($R_pp !=-1) && (SR _tcp !=-1)} { $self choose layer [Min SR pp
$R_tcp]
#$self choose layer [LogRD $k $m $R_pp "multicast"]}
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set time_estimate [expr $ns_time + $check estimate]} }
#stability drop drops layer(s) if a PP_value is lower than the current subscription level.
PLM instproc stability-drop {PP_value} {
$self instvar subscription_ time_estimate PP_estimate
$self instvar check estimate ns_
global rates_cum nukDebug
set ns_time [$ns_ now]
for {seti0} {[lindex $rates_cum $i] < [expr round($PP_value)]} {incri} {
if {$i > [llength $rates_cum]} {
puts stderr "ERROR: the no. of layers is not enough to cover available bandwidth!"
break } }
# To be conservative, subscription rate <= R'pp only
if {[lindex $rates cum $i] > [expr round($PP_value)]} { incri-1}
if {$nukDebug >=2 } {
puts stderr "**IN stability-drop() at $ns_time"
puts stderr " R'pp: $PP_value"
puts stderr " The Target Layer is layer no. $i"
puts stderr " R$i = [lindex $rates cum $i]" }
# subscription level is higher than R'pp (over-subscribed)
if {$subscription_ > $i} {
for {setj $subscription_} {$i < $j} {incrj-1} {
$self drop-layer}
set PP_estimate {}
set time_estimate [expr $ns_time + $check estimate]
if {$nukDebug >=1} {
puts stderr " next time_estimate=$time_estimate" } }}
#calculate the cumulated rates. (usefull for choose layer)
proc calc_cum {rates} {

set temp 0

f
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set rates_cum {}
for {seti 0} {$i<[llength $rates]} {incri} {
set temp [expr $Stemp + [lindex $rates $i]]
lappend rates_cum $temp }
return $rates_cum }
#choose_layer chooses a layer according to the PP_estimate value
#and the current subscription level.
PLM instproc choose layer {R_target} {
$self instvar subscription

global rates_cum nukDebug

for {seti 0} {[lindex $rates_cum $i] < [expr round($R_target)]} {incri} {
if {$i > [llength $rates cum]} {
# NUK
puts stderr "ERROR: the no. of layers is not enough to cover available bandwidth!"
break } }
# subscription rate <= Rtarget only
if {[lindex $rates_cum $i] > [expr round($R_target)]} {
incri-1}
if {$nukDebug>=1} {
puts stderr "*IN choose_layer()"
puts stderr " Rtarget: [expr round($R _target)]"
puts stderr " The Target Layer is layer no. $i"
puts stderr " RS$i = [lindex $rates_cum $i]" }
if {$subscription_ < $i} {
for {set j $subscription_} {$j <$i} {incrj} {
$self add-layer}
} elseif {$subscription > $i} {

for {setj $subscription } {$i<$j} {incrj-1} {

f
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$self drop-layer}
} elseif {$subscription == $i} {
return } }
# log-loss {}
# Function: In case of loss, log-loss is called.
# Do nothing as disable in ERA
#

PLM instproc log-loss {} {
global nukDebug
if {$nukDebug >= 2} {
puts stderr "NUK: ** | HAVE DISABLED LOG-LOSS! **"
I
# ERA:drop-layer{}
PLM instproc drop-layer {} {
$self instvar subscription_ layer node id debug_
set n $subscription_
# if we have an active layer, drop it
if{$n>0}{
$self debug "DRP-LAYER $n"
$layer ($n) leave-group
incrn -1
set subscription_ $n
if {$debug >=2} {
trace_annotate " [$self set node_id] : change layer $subscription "} }
#rejoin the session after 30 seconds if drop all the layers
if { $subscription_ =0} {
set ns [Simulator instance]
set rejoin_timer 30

$ns at [expr [$ns now] + $rejoin_timer] "$self add-layer"
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if {$debug >=2} {
trace_annotate " Try to re-join the session after dropping all the layers "} }}
# ERA:add-layer{}
PLM instproc add-layer {} {
$self instvar maxlevel subscription_ layer node id debug_
set n $subscription
if { $n < $maxlevel } {
$self debug "ADD-LAYER"
incr n
set subscription_ $n
$layer ($n) join-group
if {$debug >=2} {

trace_annotate " [$self set node id] : change layer $subscription "} }}

# ERA:era loss{}
# return the no. of loss packets across all the groups of the given era
PLM instproc plm_loss {} {

$self instvar layers_

set loss 0

foreach I $layers_ {

incr loss [$1 nlost]}

return $loss }
# ERA:era_pkts{}
# return the no. of packets received across all the groups of the given era
PLM instproc plm_pkts {} {

$self instvar layers_

set npkts 0

foreach 1 $layers  {incr npkts [$1 npkts] }

0
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return $npkts}

# ERA:debug{msg}

PLM instproc debug { msg } {$self instvar debug_ subscription ns_
if {$debug <1} { return }
set time [format %.05f [$ns_ now]]

puts stderr "PLM: $time layer $subscription  $msg"}

proc LogRD {k m Rpp type} {
if {$type == "unicast"} {
return [expr $k * [expr (1/($k+(1+log($m)))*$Rpp)]]
} elseif {$type == "multicast"} { return [expr (1+log($m))/($k+(1+log($m)))*$Rpp]
} else { puts stderr "can't cassify traffic type !!!!"
return -1}}
HIHHHEHEHEHEHEHEH R Class ER AL ayer #HHIHIHIHIHIHIHIHIHIHIHIHIHIHIHI
Class PLMLayer
PLMLayer instproc init { plm } {
$self next
$self instvar plm_ npkts_
set plm_ $plm
set npkts_ 0
# loss trace created in constructor of derived class }
PLMLayer instproc join-group {} {
$self instvar npkts_ add_time plm
set npkts_ [$self npkts]
set add_time [$plm_now]
# derived class actually joins group}

PLMLayer instproc leave-group {} { }

PLMLayer instproc getting-pkts {} {
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# Usage: source utils.tcl (or, recompile it in ns2 as shown in README)

$self instvar npkts

return [expr [$self npkts] != $npkts_]

# Description:

# This is a part of ERA codes.

# Author:

# Somnuk Puangpronpitag

# aPh.d. student in University of Leeds, UK.

# http://www.comp.leeds.ac.uk/nuk

# a Lecturer of Mahasarakham University, Thailand
# http://www.msu.ac.th

proc Min {x y} {

return [expr $x < $y ? $x : $y] }

proc Max {x y} {

return [expr $x > Sy ? $x : $y] }

proc Square {x} {

return [expr $x * $x] }

proc CalCumulativeRates {rate_of each layer} {

settt 0

set cumulativeRates {}

for {seti0} {$i<[llength $rate of each layer]} {incri} {
set tt [expr $tt + [lindex $rate_of each layer $i]]
lappend cumulativeRates $tt

}

return $cumulativeRates
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}

>X<******>X<****>X<************************plm_ns tCl**********************************

Application/Traffic/CBR_PP instproc set args {
$self instvar packet size rate
if { [lindex $args 0] == "interval " } {
puts "Cannot use CBR_PP with interval , specify rate_instead"}
eval $self next $args}

Agent/LossMonitor/PLM instproc log-PP {} {}

Class PLMLossTrace -superclass Agent/LossMonitor/PLM
PLMLossTrace set expected -1
PLMLossTrace instproc init {} {

$self next

$self instvar lastTime measure debug_

set lastTime 0

set measure -1

global plm_debug_flag

if [info exists plm_debug_flag] {

set debug_ $plm_debug_flag}}

PLMLossTrace instproc log-loss {} {

$self instvar plm_

$plm_ log-loss}
PP_estimate.
PLMLossTrace instproc log-PP {} {

$self instvar plm_ PP_first measure next pkt debug_

global PP_burst_length packetSize

if {[$self set flag PP_] == 128} {

0
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set measure 1
set next_pkt [expr [$self set seqno_] + 1]
set PP_first [$self set packet time PP _]
if {$debug >=2} {trace annotate "[$plm_node]: first PP [$self set seqno_], next:
$next pkt"}
} elseif {$measure>-1} {
if {[$self set seqno_]==$next pkt} {set measure [expr $measure + 1]
set next_pkt [expr [$self set seqno_] + 1]
if {$debug >=2} {
trace_annotate "[$plm_ node]: pending measurement : $measure, next $next pkt"}
if {$measure==$PP_burst length} {
set PP_value [expr $packetSize*8.*($PP_burst length - 1)/([$self set
packet_time PP_] - $PP_first)]
set measure -1
if {$debug >=2} { trace_annotate "[$plm_node]: measure : $PP_value"}
$plm_make estimate $PP_value}
}else { if {$debug >=2} {
trace_annotate "[$plm_node]: out of sequence : [$self set seqno_], next:
$next pkt"}
set measure -1} }}
Class PLMLayer/ns -superclass PLMLayer
PLMLayer/ns instproc init {ns plm addr layerNo} {
$self next $plm
$self instvar ns_addr mon_
setns_ $ns
set addr_ $addr
set mon_ [$ns PLMcreate-agent [$plm node] PLMLossTrace 0]
$mon_ set layerNo $layerNo

$mon_ set plm_ $plm

f
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$mon_ set dst_addr $addr
$mon_ set dst_port 0}
#add a layer
PLMLayer/ns instproc join-group {} {
$self instvar mon_ plm_ addr
$mon_ clear
[$plm_ node] join-group $mon_ $addr
$self next}
#drop a layer
PLMLayer/ns instproc leave-group {} {
$self instvar mon_ plm_ addr
[$plm_ node] leave-group $mon_ $addr
$self next}
#number of packets received for that layer
PLMLayer/ns instproc npkts {} {
$self instvar mon_
return [$mon_ set npkts_]}
#number of packets lost for that layer
PLMLayer/ns instproc nlost {} {
$self instvar mon
return [$mon_ set nlost_]}
#allow to get statistics (number of packets received and lost) for a layer.
PLMLayer/ns instproc mon {} {
$self instvar mon
return $mon_}
# This class serves as an interface between the PLM class which
# implements the PLM protocol machinery, and the objects in ns
# that are involved in the PLM protocol (i.e., Node objects

# join/leave multicast groups, LossMonitor objects report packet
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# loss, etc...).<p>
# See tcl/ex/test-plm.tcl for an example of how to create a

# simulation script that uses PLM

Class PLM/ns -superclass PLM
PLM/ns instproc init {ns localNode addrs check estimate nn} {
$self instvar ns_ node addrs_
setns_ $ns
set node  $localNode
set addrs_ $addrs
$self next [llength $addrs] $check estimate $nn}
PLM/ns instproc create-layer {layerNo} {
$self instvar ns_ addrs
return [new PLMLayer/ns $ns_ $self [lindex $addrs  $layerNo] $layerNo]}
PLM/ns instproc now {} {
$self instvar ns_
return [$ns_now]}
PLM/ns instproc node {} {
$self instvar node
return $node_}
PLM/ns instproc debug { msg } {
$self instvar debug_ ns_
if {$debug_ <1} { return }
$self instvar subscription node
set time [format %.05f [$ns_ now]]

# puts stderr "PLM/ns: $time node [$node_ id] layer $subscription_ $msg"}

PLM/ns instproc trace { trace } {

$self instvar layers_
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foreach s $layers_ {
[$s mon] trace $trace}}
PLM/ns instproc total bytes delivered {} {
$self instvar layers_
setv 0
foreach s $layers  {
incr v [[$s mon] set bytes] }

return $v}

*************************************phn1B1c1**********************************

*****************************phn¢0p0td****************************************

Simulator instproc PLMcreate-agent { node type pktClass } {
$self instvar Agents PortID
set agent [new $type]
$agent set fid  $pktClass
$self attach-agent $node $agent
$agent proc get var {
return [$self set $var]}
return $agent}
Simulator instproc PLMcbr_flow PP { node fid addr bw } {
global packetSize PP_burst_length
set agent [$self PLMcreate-agent $node Agent/UDP $fid]
set cbr [new Application/Traffic/CBR_PP]
Scbr attach-agent $agent
$agent set dst_addr_ $addr
$agent set dst_port_ 0
$cbr set packet_size $packetSize
$cbr set rate_ $bw

$cbr set random_ 1

0
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$cbr set PBM_ $PP_burst_length
return $cbr}
#create a set fo layers for a given PLM source.
Simulator instproc PLMbuild source set { plmName rates addrs baseClass node when } {
global src_plm src_rate
set n [llength $rates]
#mise en place de la layer de base avec PP
set r [lindex $rates 0]
set addr [expr [lindex $addrs 0]]
set src_rate($addr) $r
set k $plmName:0
set src_plm($k) [$self PLMcbr_flow PP $node $baseClass $addr $r]
$self at 0 "$src_plm(Sk) set maxpkts 1; $src_plm(8$k) start"
$self at Swhen "$src_plm($k) set maxpkts 268435456, $src_plm($k) start”
#incr baseClass
for {setil} {$i<$n} {incri} {
set r [lindex S$rates $i]
set addr [expr [lindex $addrs $i]]
set src_rate($addr) $r
set k $plmName:$i
set src_plm($k) [$self PLMcbr_flow PP $node $baseClass $addr $r]
$self at 0 "$src_plm($k) set maxpkts 1; $src_plm($k) start"
$self at Swhen "$src_plm($k) set maxpkts 268435456; $src_plm($k) start"
Iy
Class PLMTopology
PLMTopology instproc init { simulator } {
$self instvar ns id
set ns $simulator

#id determine de fid de chaque session PLM, faire attention aux

f
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setid 0}

PLMTopology instproc mknode nn {
$self instvar node ns
if ![info exists node($nn)] {set node($nn) [$ns node]}}
# build a link between nodes $a and $b
# if either node doesn't exist, create it as a side effect.
# (we don't build any sources)
PLMTopology instproc build_link { a b delay bw } {
global buffers packetSize Queue sched
if{$a==8b} {
puts stderr "link from $a to $b?"
exit 1}
$self instvar node ns
$self mknode $a
$self mknode $b
$ns duplex-link $node($a) $node($b) $bw $delay $Queue sched }
PLMTopology instproc build_link-simple { a b delay bw f} {
global buffers packetSize Queue sched
if{$a==%b} {
puts stderr "link from $a to $b?"
exit 1}
$self instvar node ns
$self mknode $a
$self mknode $b
$ns duplex-link-trace $node($a) $node($b) $bw $delay $Queue sched  $f
H
# build a new source (by allocating a new address) and

# place it at node $nn. start it up at $when.
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PLMTopology instproc place source { nn when } {
global rates
$self instvar node ns id addrs
incr id
set addrs($id) {}
foreach r $rates {lappend addrs($id) [Node allocaddr]}
$ns PLMbuild_source_set s$id $rates $addrs($id) $id $node($nn) $when
return $id}
#by default nb=1 does not give any functionality, the instance of the last
#PLM receiver is in PLMrcvr(1)
#If one specifies nb when one create the receiver, PLMrcvr($nb) contains
#the PLM instance of each PLM receiver. One must specifies a different nb per receiver.
PLMTopology instproc place receiver { nn id when check estimate {nb 1}} {
$self instvar ns
$ns at Swhen "$self build_receiver $nn $id $check estimate $nb"}
# build a new receiver for source $id and
# place it at node $nn.
PLMTopology instproc build receiver { nn id check estimate nb} {
$self instvar node ns addrs
global PLMrcvr
set PLMrcvr($nb) [new PLM/ns $ns $node($nn) $addrs($id) $check estimate $nn]
global plm_debug_flag

$PLMrcvr($nb) set debug_ $plm_debug_flag}

>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<>l<****************plm_topo tCl****************************************
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