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Design and Implementation of MPLS Network Simulator
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ABSTRACT

The explosive growth of the Internet and the advent of realime services such as multimedia application have
required an epoch-making change in the Internet. As an alternative that can take in it, MPLS was proposed.
Recently, many efforts and activities on MPLS have been initiated, which prompt the necessity of MPLS simulator
that can evaluate and analyze newly proposed MPLS techniques. This paper describes design, implementation, and
application of a MPLS simulator, which supports label swapping operation, LDP, CR-LDP, and various sorts of
label distribution function. It enables researchers to simulate how a LSP is established and terminated, and how the
labeled packets act on the LSP. In order to show MPLS simulator’s usefulness, two MPLS applications are
simulated. One is the basic MPLS function defined in MPLS standards; label distribution schemes, flow
aggregation, ER-LSP, and LSP Tunnel. The other is the path protection/restoration scheme proposed by Hakin, The
results are evaluated and analyzed, and their behaviors are shown by means of graphical manner.
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a send -cr-request-msg
Idp-tigger-by-control send -mapping-msg
get-cr-request-msg Idp-trigger-by-data send -cr-mapping-msg
get-mapping-msg Idp-trigger-by-explicit-route| |send -notification-msg
get-cr-mapping-msg| |ldp-trigger-by-withdraw send -withdraw-msg
get-notification-msg| |ldp-trigger-by-release send -release-msg

get-withdraw-msg ‘|‘ | T
FY 2¥

get-release-msg
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=ol] LDP4o]HEE A3

a cnable-control-driven -- control-driven trigger &
A FA43t=% LSRS 44

m enable-data-driven -- data-driven trigger324] %
25l 52 LSR-& 4A,

m enable-on-demand -- §-7A] #ol¥ ¥} mzg
ExlEl g SRS A

@ cnable-ordered-control -- ordered modeZ. F=}3}
EE LSRS 43

a make-explicit-route -- A %22 ER-LSPE A7

u flow-erlsp-binding -- E& flowE A" ER-
LSpef| ulelsg

m flow-aggregation - fine flowE coarse flowe|
aggregationA]7],

u trace-mpls -- MPLS packet2 Edjo]X

a trace-ldp -- LDP packet-3- Ego]

u enable-reroute -- A ollefd] gl HFS0] o
A A2 3% 4 Q=S LSRE 44

m reroute-binding -- £21 ER-LSP7} WjA|ZA=22 A}
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w Flow Aggregation
n LSP ¥|'d3} ER-LSP2] AHAl/a)A]

# create traffic source

set Src0 [new Agent/CBR]

$ns atiach-agent $Nods0 $Sre
$5rc0 set packetSize_ 500
$8rcC set interval_ 0.01

set Srel [new Agent/CBR]
$ns attach-agent $Nodel $Srcl
$8rcl set packetSize_ 500

# connect nodes $5rcl set interval_ 0.01

$ns duplex-link $Node0 $LSR2 IMb 10ms DropTail | # ereate traffic sink

$ns duplex-link $Nodel $LSR? IMb 10ms DropTail | set Dst) [new Agent/Null)

..... set Datl [new Agent/Null]

set ns [new Simulator]

# make IF nodes & MPLS nodes
s¢t NodeO [$os node|

sttNodel [$ns node]

set LSR2 {$ns MPLSnode]

set LSR3  [$ns MPLSnioxck]

# cremte LDP agents on all MPLSnodes
$ns configure-ldp-on-all-mpls-nodas

# set LSP establishment option

$ns enable-control-driven

#trace MPLS und LDP packets

$ns trace-mpls

$os trace-ldp

a8 6. 7Y 59 e THEy) AY 2=

a8 72 A¥shuz} s AEHeAdel dit o
HE ~Al%8 3oolch 27 764 AN o=
© o33 ek 0.1z Src0<} Srcl-g- zZhz} 7]
< AAES 0.2%2¢]= Egress LSRG LSR76A
LDP Withdraw w|X2]8 Algale] oln] A=
FEC 99] LSPE #j#lé}m, LSRS¢|x] FEC 109
) 4= LSPE #)#l&ck 0.3%0) Ingress LSR
9l LSR204] FECZ} 9o} 104 ERESe
FEC7} 621 LSPe|| njelwdAlzlcl 0.5%¢l+= LSRG
ollx{ FEC 6] s A%l LSPE #Algick 062
off Srcl-2 7 A4S wéco) 0.7F0] LSR5, 4,
8, 6, 7-& 743k FEC>} 7¢)31 LSPID7} 3000¢]
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$ns at 0.1 "$5rc0 start”

$ng at 0.1 "$Srcl start”

$ns at 0.2 "SLSR7 ldp-trigger-by-withdraw 9"

$ns at 0.2 "$LSR8 Idp-trigger-by-withdraw 10"

$ns at 0.3 "$LSR2 flow-aggregation 9 6"

$ns at 0.3 "$LSR2 flow-aggregation 10 6"

$ns at 0.5 "SLSR6 ldp-trigger-by-withdraw 6"

$ns at 0.6 "$S8rcl stop”

$ns at 0.7 "$SLSR2 make-explicit-route 7 5_4_8_6_7 3000
$nsat 0.9 "$LSR2 flow-erlsp-install 9 -1  3000"

$ns at 1.1 "$LSR2 ldp-trigger-by-release  3000"

$ns at 1.2 "$LSR4 make-explicitroute 8 4_5_6_8 3500"
$ns at 1.3 "$LSR2 make-explicit-route 7 2_3_4, 3500_7 3600"
$ns at 1.4 "SLSR2 flow-erlsp-install 9 -1 3600"

$nsat 1.6 "$LSR2 ldp-trigger-by-release  3600"

$ns at 1.7 "$LSR4 ldp-trigger-by-release  3500"

$ns at 1.8 "$LSR2 enable-data-driven”

$ns at 2.0 "$8rc() stop”

a2 7. o WE AAEE me

ER-LSPE AA%c) 093¢ FEC7} 941 Edze
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ok =3 1326 LSR2614] LSR2, 3, 4, 3500, 7
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7} 36004] ER-LSPo| wmlald Al7lel 1.63%o=
LSPID7} 3600¢] ER-LSPE sjAlsle], 1.7329)
LSPID7} 350041 ER-LSPE #A43t} vix|gtes
1.830] LSR27} dlole] 7[ut Eald wliles %
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